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Preface 

Individuals interested in the diseases 
of wild and cultured fish and shellfish 
have few forums from which to present 
their research progress. Perhaps the two 
most universally acceptable national 
organizations are the American 
Fisheries Society and the Wildlife Dis- 
ease Association. 

For many years, fish culturists and 
fish disease researchers in the midwest- 
ern and western states have met infor- 
mally to discuss research progress. At 
the April 1976 meeting of the Northeast 
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Wildlife Conference in Hershey, Pa., 
James Warren of the Fish and Wildlife 
Service convened a meeting to investi- 
gate the feasibility of a yearly eastern 
fish health workshop. Participants con- 
curred that an annual workshop to dis- 
cuss research progress would be desir- 
able. 

To that effect, the Oxford Laboratory 
of the Northeast Fisheries Center, Na- 
tional Marine Fisheries Service, 
NOAA, and the National Fish Health 
Research Laboratory of the U.S. Fish 
and Wildlife Service convened the 2nd 


Annual Eastern Fish Health Workshop 
at Easton, Md., on 26-27 May 1977. 
Participants represented Federal, State, 
and academic institutions engaged in 
studies of the health of marine and 
freshwater fishes, crustaceans, and 
mollusks. 

The workshop was structured to in- 
clude four major categories of research 
activity: Bacterial, viral, parasitic, and 
nutritional and environmental diseases 
of fish and shellfish. This issue con- 
tains the papers presented at the 2nd 
Annual Eastern Fish Health Workshop. 
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Bacterial Diseases of 
Fishes and Their Control 


S. F. SNIESZKO 


In the contemporary approach to- 
ward understanding communicable 
diseases, epidemiology or epizootiol- 
ogy plays an important role in attempts 
to explain relationships between the 
hosts, pathogens, environments, and 
outbreaks of diseases (Wedemeyer et 
al., 1976). Discussing this relationship 
seems to be my favorite hobby. It can 
be represented in the form of an equa- 
tion: H+ P+ S$?=D. 

In this equation, H represents the 
species and strain of the host, its age, 
and inherited susceptibility to any par- 
ticular disease; P represents the patho- 
gen causing the disease with all its var- 
iability; and S$ represents stress of the 
environment. The square of S is used 
because the stress caused by environ- 
ment increases in geometrical progres- 
sion when the conditions are approach- 
ing the limits of tolerance by the host. 
The D represents the disease which re- 
sults if the three components listed on 
the left side of the equation are in proper 
qualitative and quantitative propor- 
tions. In discussing bacterial diseases 
of aquatic animals, one must always 
consider the role of all three factors. 

Numerous species of bacteria are 
capable of causing diseases in fish and 
shellfish. Many are well known (Bul- 
lock et al., 1971). Unfortunately, when 
one tries to identify and name them, 
one is confronted with problems. 
‘*Bergey’s Manual’’ (Buchanan and 
Gibbons, 1974) is recognized as the 
most authoritative text on bacterial 
taxonomy; however, taxonomy is be- 


coming a separate branch of bacteriol- 
ogy that almost exists for its own sake. 

In each new edition of **Bergey’s 
Manual,’’ a considerable number of 
changes are made, as would be ex- 
pected. The new eighth edition lists 
many changes of names of bacteria that 
cause diseases in fish and shellfish. Al- 
though such changes are unavoidable, 
they have resulted in a number of name 
changes for several species of fish 
pathogens during recent years. Con- 
sequently, it is sometimes difficult to 
establish the identity of a fish 
pathogenic bacterium described on 
numerous occasions during the span of 
only a few decades. 

The Fish Health Section of the 
American Fisheries Society has 
charged an ad hoc committee with the 
task of attempting to clarify the 
taxonomic problems. Fish pathologists 
have found that the current edition of 
‘‘Bergey’s Manual’’ does not recog- 
nize such well-known names as 
Aeromonas liquefaciens, or the fish 
pathogenic myxobacteria (except 
Chondrococcus columnaris, whose 
generic name has been changed to 
Flexibacter). Gaffkya homari has been 
changed several times and is now 
Aerococcus viridans, supposedly iden- 
tical with the human pathogen causing 
subacute endocarditis (Endocarditis 
lenta) (Stewart, 1978). This synonymy 
is difficult to accept for anyone with 
experience with these pathogens when 
isolated from lobsters or humans. Also 
missing from the Manual are 
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Hemophilus piscium and Pasteurella 
piscicida. 

So much for the bacteria; now about 
the hosts. If one takes into considera- 
tion the number of species of 
pathogenic bacteria and the number of 
species of fish and shellfish that may 
become infected with these bacteria, 
the number of bacterial species known 
to date is relatively small. 

The specific susceptibility of aquatic 
animals to various bacteria can be ob- 
served only in the species that are cul- 
tured, or at least kept in captivity for 
awhile. In general, marine fishes are 
susceptible to diseases caused by Vib- 
rio anguillarum, and freshwater 
species to those caused by Aeromonas 
hydrophila and A. salmonicida. Gaff- 
kya homari (Aerococcus viridans) 
seems to be an exclusive pathogen of 
lobsters, unless one accepts the possi- 
bility that this organism is identical 
with the one causing subacute endocar- 
ditis in humans. 

It seems that the species of the host is 
not the only significant factor in deter- 
mining the species of bacterial patho- 
gen involved; environment seems to be 
important also. For example, outbreaks 
of diseases caused by A. salmonicida 
have often been reported in nonsal- 
monids that were exposed to infection 
at a proper range of temperature. Vib- 
riosis in marine and estuarine fishes is 
usually associated with crowding and 
increased temperatures. Spring viremia 
of carp and bacterial hemorrhagic sep- 
ticemia (Fijan, 1972), caused by A. 
hydrophila, are associated with the 
spring season, temperature, manage- 
ment practices, and water pollution. 
Kidney disease of freshwater salmonids 
is associated with the nature of the 
water supply, and possibly the presence 
of external parasites (Warren, 1963). 
Mycobacteriosis of several species of 
Pacific salmon was caused by feeding 
infected viscera of raw salmon, some of 


Marine Fisheries Review 





which contained mycobacteria (Wood 
and Ordal, 1958). A catastrophic out- 
break of pasteurellosis of white perch, 
Morone americana, and striped bass, 
M. saxatilis, in the Chesapeake Bay in 
1963 was probably initiated by en- 
vironmental stress of a hot, dry summer 
(Snieszko et al., 1964). The same 
pathogen causes diseases in fish cul- 
tured in cages in Japan and is also 
known in the Gulf Coast area. 

One could give more examples on the 
role of environment in the health and 
disease of fish and shellfish. This is not 
necessary, however, because the sub- 
ject was recently treated in detail by 
Wedemeyer et al. (1976). 

Knowledge of bacterial diseases 
would have little practical value if it did 
not result in improved control of these 
diseases. In control of fish diseases, one 
should avoid ideas based too much on 
analogies with diseases of humans and 
domestic animals. Fish and shellfish are 
aquatic and poikilothermic, and these 
are important differences. 

What means do we have for control 
of bacterial diseases of aquatic ani- 
mals? The first one is avoidance of ex- 
posure to pathogens. This is possible in 
relatively few fish cultural facilities— 
only those having clean water. One of 
these fortunate areas is in the Snake 
River Canyon in Idaho, where an al- 
most limitless supply of fresh water 
from artesian wells is an effective 
shield for protection from infectious 
diseases. But, even in that area, condi- 
tions are changing for the worse due to 
increasing reuse of water and transfer of 
infected fish. 

Much pondfish culture and marine 
culture of fish and shellfish takes place 
in open waters where fish pathogens are 
present. Under such conditions, avoid- 
ance is not possible, and use of chemo- 
therapeutic drugs is expensive and 
transitory. Immunization is a recent and 
growing control measure that is proving 
highly promising (Anderson, 1974; 
Fryer et al., 1976). Although immuni- 
zation of humans is the most effective 
means of disease control, the immune 
response in fishes is dependent on 
temperature and that in shellfish is still a 
mystery that somehow works very well 
in nature. 
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Immunization of cold-blooded ver- 
tebrates was started many years ago, 
but little progress was made because the 
response was negligible at low tempera- 
tures and the necessity of handling each 
animal made it impractical on a large 
scale. Oral immunization of salmonids 
was introduced by D. C. Duff of 
Canada about 40 years ago, but with 
only limited success. Only during the 
last 10 years has sufficient progress 
been made by G. W. Klontz, J. L. 
Fryer, D. F. Amend, D. P. Anderson, 
and others to make it effective, but 
mainly under laboratory conditions 
(Fryer et al., 1976). However, during 
the last 5 years, immunization of fish by 
oral administration of antigen and by 
immersion of fish, with or without pre- 
conditioning, is becoming so promising 
that two commercial laboratories in the 
United States are now manufacturing 
fish vaccines. 

A commercial vaccine for immuniza- 
tion against enteric redmouth disease 
(ERM) is also available, and a vaccine 
against Vibrio anguillarum has been 
licensed. Other bacterial vaccines are 
under development and antiviral vac- 
cines will most likely be available also. 

Outbreaks of bacterial diseases are 
influenced by the susceptibility of the 
host, virulence of the pathogens, and 
quality of the environment (Wede- 
meyer et al., 1976). Therefore, control 
of diseases of fish and shellfish is 
primarily a managerial problem. It is 
very important for aquacultural mana- 
gers to have a thorough understanding 
of biology, physiology, microbiology, 
immunology, ecology, and therapy. It 
is necessary for managers to be prop- 


erly trained and capable of making 
proper evaluations of the disease prob- 
lem. Reduction of losses caused by 
bacterial and other diseases of fishes 
will require integration and evaluation 
of all that is known about the nature of 
the disease, and proper and timely ap- 
plication of control measures. 
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Diseases and Defense Mechanisms 
of the Lobster, Homarus americanus 


JAMES E. STEWART 


Gaffkemia is a fatal bacterial disease 
which periodically causes heavy mor- 
talities among American and European 
lobsters, Homarus americanus and 
Homarus vulgaris, respectively. The 
disease and the causative agent, 
Aerococcus viridans (var.) homari 
[formerly Gaffkya homari; see Stewart 
and Arie (1974) ], were described origi- 
nally by Snieszko and Taylor (1947) 
and Hitchner and Snieszko (1947). The 
septicemic nature of the disease and the 
original taxon assigned to the pathogen 
prompted the name ‘‘gaffkemia’’ 
(Roskam, 1957) for the disease. Severe 
losses from gaffkemia are experienced 
periodically in commercial lobster 
units. A brief account of the disease 
condensed from reviews by Stewart and 
Rabin (1970), Sindermann (1971), and 
Stewart (1975) follows. 

The causative agent A. viridans 
(var.) homari is a gram-positive, 
catalase negative, beta hemolytic, 
tetrad-forming coccus which appears to 
possess no exoenzymes. This lack of 
exoenzymes and consequent lack of in- 
vasive powers results in the bacterium 
being transmitted only through breaks 
or ruptures in the integument of the host 
which permit entry to the hemolymph. 
The exposure to A. viridans (var.) 
homari must come simultaneously with 
or soon after integumental rupture for 
the pathogen to circumvent the lob- 
ster’s rapid and effective wound heal- 
ing mechanism. Transmission does not 
occur when the lobster ingests infected 
material since the acidity of the gastric 
fluid (pH 5.0) is lethal to A. viridans 


(var.) homari. Despite the pathogen’s 
lack of invasive powers, the develop- 
ment of epizootics is aided by the ag- 
gressive behavior of lobsters, which 
provides wounds for entry, and by the 
fact that normal lobsters have no appar- 
ent resistance to the pathogen after en- 
try. Small numbers of a virulent strain 
of A. viridans (var.) homari, consisting 
of 10 or less per kilogram of the lob- 
ster’s weight, injected into the hemo- 
lymph are sufficient to ensure a fatal 
infection. Injection, however, of large 
numbers (6 X 108/kg) does not acceler- 
ate the infection sufficiently to produce 
a significant decrease in time to death. 
There are no external signs of the dis- 
ease, with the exception that as the in- 
fection proceeds the lobsters become 
lethargic and progressively weaker 
until they die. 

As the disease develops, the lobster 
suffers a massive decrease of circulat- 
ing hemocytes, resulting in impairment 
of the clotting mechanism by the re- 
moval of the clot initiating factor con- 
tained in the hemocytes. The fibrinogen 
levels and other hemolymph proteins 
are not affected significantly. As a re- 
sult of the loss of hemolymph clotting 
power, the risk of a fatal hemorrhage is 
introduced in the event of wounding. If 
the fatal hemorrhaging is avoided, 
death ultimately occurs apparently as a 
direct result of massive dysfunction of 
the hepatopancreas. 

The intrinsic defense mechanisms of 
the lobster have been studied: Aggluti- 
nin, bactericidin, phenoloxidase, and 
phagecytic capacity. It appears that in 
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the normal lobster none of these are 
effective against this pathogen (Cor- 
nick and Stewart, 1968, 1973; Pater- 
son and Stewart, 1974; Paterson et al., 
1976; Paterson'; and Stewart and 
Zwicker, 1972). Induction of a high 
degree of resistance has been obtained 
(Stewart and Arie, 1974) and appears to 
involve mainly changes in phagocytic 
capacity. A degree of specificity, de- 
pendent on the vaccine used, has been 
observed in the phagocytic response 
(Paterson et al., 1976; and Paterson, 
footnote 1). 
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A New Bacterium (Presumptive Vibrio 

Species) Causing Ulcers in Flatfish week and progressively for 4 weeks by 
ulcers in other summer flounder in the 
same tank, as well as in winter floun- 
der, Pseudopleuronectes americanus, 
and hogchokers, Trinectes maculatus, 


in an adjacent tank. Although the le- 
R. A. ROBOHM and C. BROWN sions resemble those caused by Vibrio 


Figure |.—Posterior portion of asummer flounder infected with the 
new Vibrio species. Ulcers are seen to extend deep within the dorsal 

Summer flounder, Paralichthys den- muscle. 
tatus, captured in the wild and held for 
10 days in a tank supplied with flowing 
seawater (about 25 ppt salinity) from 
Milford harbor developed ulcerative le- 
sions of the tail and dorsal muscle. Le- 
sions began as a white patch at the flex- 
ure point of the tail (where the caudal 
fin meets the body) and sometimes were 
accompanied by hemorrhagic necrosis 
at the tip of the caudal fin. Frank ulcera- 
tion extending into the skeletal muscle 
could be seen within a few days when 
the epithelium sloughed off under the 
patches (Fig. 1). Frequently, bony rays 
of the entire caudal fin were exposed 
by progression of the ulcerative process 
either anteriorly from the tip of the fin 
or from the initial lesion caudally (Fig. 
2). 

First appearance of the ulcers in two 
summer flounder was followed within | 
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Figure 2.—Caudal fin of a summer flounder infected with the new 
Vibrio species. Epithelium is sloughed off to expose the underlying 


bony rays. 


anguillarum infections (Haastein and 
Holt, 1972; Levin et al., 1972; ZoBell 


and Wells, 1934), other bacteria are 
known to cause similar ulcers in fish. 


These include lesions due _ to 
Aeromonas hydrophila (Amlacher, 
1961), A. salmonicida (Herman, 
1968), Hemophilus piscium (Snieszko 
et al., 1950), and Cytophaga psychro- 
phila (Borg, 1960; Rucker et al., 
1954). The disease in summer flounder 
was arrested by daily treatment with 
oxytetracycline (13 mg/liter of water) 
for | week, thus confirming the sus- 
pected bacterial etiology of the lesions. 

Material swabbed from ulcers in 
summer flounder prior to antibiotic 
treatment was streaked onto Difco! 
TCBS agar, a medium containing 0.05 
percent yeast extract, 0.05 percent pep- 
tone, 1.5 percent agar and seawater, 
and modified Twedt agar (Vanderzant 
and Nickelson, 1972). Four distinct 
bacterial types were isolated. Prelimi- 
nary biochemical testing indicated that 
two of the isolates were Vibrio sp., one 
was vibriolike, and one a Pseudomonas 
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sp. Sera drawn 3 weeks after the start of 
symptoms, from five antibiotic-treated 
summer flounder, contained antibodies 
against one of the Vibrio isolates at 
reciprocal agglutination titers of 64 to 
256. Since the five sera had low anti- 
body titers (less than 16) against the 
three other bacterial isolates, the first 
isolate was strongly implicated as the 
ulcer-disease bacterium. This organism 
was a short, gram-negative rod with a 
single polar flagellum when grown on 
liquid or solid medium. 

Subcutaneous inoculation of varying 
numbers of the bacterium into 36 winter 
flounder produced small ulcers at the 
inoculation site in 31 fish; ulcers were 
accompanied by subcutaneous hemor- 
rhages along the base of nearby fins and 
petechia on the nonpigmented side. 
Fish with these symptoms usually died 
within 2 days of inoculation. The or- 
ganism was recovered repeatedly from 
the spleens of dead or dying fish— 
usually in pure culture. The subcutane- 
ous LDso calculated by the Reed and 
Muench (1938) method was 15,985 
bacteria, but some fish died at a dose of 
7,000 bacteria. Fish inoculated with 
700 bacteria routinely survived. Be- 
cause subcutaneous inoculation pro- 


duced a disease different in form from 
that seen naturally in the holding tanks, 
another method of disease induction 
was tried. After first scraping away 
scales from a small patch at the tail- 
flexure point with a scalpel blade, 
winter flounder were placed in 76-liter 
tanks containing recirculating, 
charcoal-filtered seawater. Ulcerative 
lesions resembling those of the natural 
disease could be induced in the fish 
within 3-7 days by inoculating the 
water on alternate days with 360 
bacteria/ml. Within 24 hours, bacterial 
counts were 10/ml; within 48 hours, 
counts could no longer be made be- 
cause of competing microflora. The 
diseased fish died within 10 days; the 
organism was recovered from the le- 
sions and from the spleens of dead fish 
and confirmed biochemically. An in- 
oculum of 36 bacteria/ml into tank 
water on alternate days failed to induce 
disease. 

Eight characteristics of the ulcer- 
disease organism are recognized by the 
Subcommittee on Vibrios of the Inter- 
national Committee on Systematic Bac- 
teriology as necessary to place an or- 
ganism in the genus Vibrio (Hugh and 
Sakazaki, 1972; Subcommittee on 
Taxonomy of Vibrios, 1972). These 
are: gram reaction —, motility +, 
single polar flagellum +, oxidase +, 
catalase +, glucose fermentation +, 
gas from glucose —, and acid from glu- 
cose +. A ninth characteristic which 
should be included is a 40-50 percent 
guanine plus cytosine (G-C) content in 
the bacterial DNA. Repeat analyses of 
the G-C content has given us conflicting 
results. Final analysis is yet to be com- 
pleted. However, a total of 53 biochem- 
ical and physical tests indicate that the 
ulcer-disease organism is sufficiently 
dissimilar to currently known vibrios 
and closely related organisms to merit 
provisional designation as a new 
species. 

We examined the sera of a variety of 
wild fish species for antibodies against 
the ulcer-disease organism. Sera of 
healthy blackfish, Tautoga onitis, and 
cunners, Tautogolabrus adspersus, 
from Long Island Sound near Milford 
had antibody levels to the ulcer-disease 
bacterium which rivaled levels in in- 


Marine Fisheries Review 





fected summer flounder. The antibody 
in cunners appeared to be protective 
against the disease; 50 percent of the 
fish had significant antibody levels and 
50 percent survived intraperitoneal 
injections of bacteria. Most of the 
sera from 13 windowpane flounder, 
Scophthalmus aquosus, 15 weakfish, 
Cynoscion regalis, 54 summer floun- 
der, and 101 winter flounder from Long 
Island Sound and New York Bight had 
low antibody titers to the organism. 
These results suggest that the high sus- 
ceptibility of flounder species to the 
disease may be due to low natural expo- 
sure to the organism; whereas, immu- 
nity in two fish species near Milford 
may be due to a high degree of exposure 
to the organism; this could arise from a 
food source or from proliferation of the 
organism locally in nutrient-rich wa- 
ters. 

As a measure of the ability of the 
organism to persist and be disseminated 
in seawater, we inoculated a washed 
broth culture of the bacterium into 
filtered, sterilized seawater (25 ppt sa- 
linity) at a level of 10° cells/ml. Viable 
numbers decreased over a 5-month 
period at two temperatures; however, 


by 155 days, 89 and 141 bacterial/ml 
remained at 25°C and 15°C, respec- 
tively. This appears to be a relatively 
long survival when compared with that 
of V. anguillarum; Evelyn (1971) re- 
ported that 10° V. anguillarum cells 
were reduced to 10! in 14 days at 0°- 
3°C. These results suggest that a re- 
quirement for direct fish to fish contact 
may be more important in maintaining 
infection with V. anguillarum than with 
the ulcer-disease organism. 

From the results of this work, we find 
that a previously undescribed bac- 
terium |) is pathogenic for flatfish, 2) is 
probably a new Vibrio species which 
survives for extended periods of time in 
seawater, and 3) has a capacity to cause 
ulcers which may be modulated by 
route of entry and/or the presence of 
competing micrcflora. 


LITERATURE CITED 


Amlacher, E. 1961. Taschenbuch der Fischkran- 
kheiten. Gustav Fischer Verlag, Jena, 286 p. 
Borg, A. F. 1960. Studies on myxobacteria as- 
sociated with diseases in salmonid fishes. 
Wildl. Dis. 8:1-85. 

Evelyn, T. P. T. 1971. First records of vibriosis 
in Pacific salmon cultured in Canada, and 
taxonomic status of the responsible bacterium, 


Vibrio anguillarum. J. Fish. Res. Board Can 
28:517-525. 

Haastein, T., and G. Holt. 1972. The occurrence 
of vibrio disease in wild Norwegian fish. J. 
Fish Biol. 4:33-37. 

Herman, R. L. 1968. Fish furunculosis 1952- 
1966. Trans. Am. Fish. Soc. 97:221-230. 
Hugh, R., and R. Sakazaki. 1972. Minimal 
number of characters for the identification of 
Vibrio species, Vibrio cholera and Vibrio 
parahaemolyticus. J. Conf. Public Health Lab 

Dir. 30:133-137. 

Levin, M. A., R. E. Wolke, and V. J. Cabelli. 
1972. Vibrio anguillarum as a cause of disease 
in winter flounder (Pseudopleuronectes 
americanus). Can. J. Microbiol. 18:1585- 
1592. 

Reed, L. J., and H. Muench. 1938. A simple 
method of estimating fifty per cent endpoints 
Am. J. Hyg. 27:493-497. 

Rucker, R. R., B. J. Earp, and E. J. Ordal. 1954 
Infectious diseases of Pacific salmon. Trans. 
Am. Fish. Soc. 83:297-312. 

Snieszko, S. F., P. J. Griffin, and S. B. Friddle. 
1950. A new bacterium (Hemophilus piscium 
n. sp.) from ulcer disease of trout. J. Bacteriol. 
59:699-7 10. 

Subcommittee on Taxonomy of Vibrios, Interna- 
tional Committee on Systematic Bacteriology 
1972. Minutes of the meeting, 22 July 1971 
Int. J. Syst. Bacteriol. 22:189-190. 

Vanderzant, C., and R. Nickelson. 1972. Proce- 
dure for isolation and enumeration of Vibrio 
parahaemolyticus. Appl. Microbiol. 23:26- 
Sf 

ZoBell, C. E., and N. A. Wells. 1934. An infec- 
tious dermatitis of certain marine fishes. J. 
Infect. Dis. 55:299-305. 


MFR Paper 1330. From Marine Fisheries Review, Vo/. 40, No. 10, October 
1978. Copies of this paper, in limited numbers, are available from D822, User 
Services Branch, Environmental Science Information Center, NOAA, Rockville, 
MD 20852. Copies of Marine Fisheries Review are available from the Superin- 
tendent of Documents, U.S. Government Printing Office, Washington, DC 
20402 for $1.10 each. 








The National Marine Fisheries Service (NMFS) does not approve, recommend or 
endorse any proprietary product or proprietary material mentioned in this publica- 
tion. No reference shall be made to NMFS, or to this publication furnished by NMFS. 
in any advertising or sales promotion which would indicate or imply that NMFS 
approves, recommends or endorses any proprietary product or proprietary material 
mentioned herein, or which has as its purpose an intent to cause directly or indirectly 
the advertised product to be used or purchased because of this NMFS publication. 








October 1978 





MFR PAPER 1331 


Bacteriologic Studies of Long Island 
Shellfish Hatcheries: An Abstract 


High concentrations of bacteria in 
shellfish hatchery media have been re- 
ported as a cause of larval mortality 
(Guillard, 1959; Malek and Cheng, 
1974; Tubiash et al., 1965). This study 
was undertaken to characterize the 
dominant bacterial flora of the Long 
Island, N.Y., shellfish hatcheries. Al- 
though the study was initiated at a 
single hatchery during 1972, the cur- 
rent report covers a 3-year period 
(1974-76) and includes five hatcheries. 

Bacteriologic samples from sick and 
healthy oyster and clam larval cultures 
and their ingredients were taken at a 
standard working dilution onto plate 
count agar media with synthetic sea 
salts. Each cultural sample was repli- 
cated in triplicate. The hatchery ingre- 
dients samples included incoming 
ultraviolet-treated and untreated bay 
and well water, stock algal cultures, 
and pooled algal cultures. Samples 
were taken throughout the year at regu- 
lar monthly intervals. Qualitative and 
quantitative counts were made of the 
dominant populations of each culture, 
and isolated colonies were identified as 
pure cultures. 

A total of 1,279 cultures were taken 
and 710 pure bacterial isolates were 
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identified. Sixty-six percent of all bac- 
teria isolated and identified from intake 
water samples were gram negative, and 
15.7 percent were gram positive. Well 
water had a higher percentage of 
gram-positive organisms than did bay 
water intake. Thirty-three percent 
Pseudomonas, 10.4 percent Flavobac- 
terium or Cytophaga, 8.7 percent Aci- 
netobacter, 4.9 percent Aeromonas, 
3.8 percent Enterobacteriacea, 3.2 
percent Vibrio, and 1.5 percent 
Achromobacter spp. were the dominant 
gram-negative isolates found in all 
water sampled. Well water counts were 
lower but contained a higher percentage 
of Aeromonas, Vibrio, and Flavobac- 
terium or Cytophaga, and less Entero- 
bacteriacea than did bay water. UI- 
traviolet treatment had no effect on 
bacterial counts of hatchery water in- 
take. Stock algal cultures were fre- 
quently contaminated with a wide vari- 
ety of bacteria. The percentage of 
Acinetobacter and Flavobacterium or 
Cytophaga spp. increased in algal 
cultures. Sick or dying oyster larval 
cultures are characterized by a sharp 
decrease in the percentages of Pseudo- 
monas, Flavobacterium or Cytophaga, 
Acinetobacter, and Enterobacteriacea 


spp., and a rise in percent gram- 
positive bacteria. Sick clam larval cul- 
tures were associated with a drop in the 
percentage of Flavobacterium or 
Cytophaga, Aeromonas, and En- 
terobacteriacea spp. The percent of un- 
identified and lost bacterial cultures in- 
creased in sick oyster and clam larval 
cultures. Each hatchery larval culture 
medium had its own distinctive bacte- 
rial flora. High bacterial counts were 
associated with warm weather, in- 
creased storage and culture time, and 
high organic content. The frequency 
and distribution of Vibrio spp. during 
an outbreak of vibriosis is reported. 
Water quality studies were conducted 
during the study. The usefulness of 
routine bacteriologic sampling for 
diagnostic purposes is discussed. 
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Vibriosis in Maine and 
New Hampshire Salmonids 


EVELYN S. SAWYER 


Pen culture of coho salmon, 
Oncorhynchus kisutch, began in Maine 
and New Hampshire in 1972, and dem- 
onstrated both the potential of this new 
industry and the impact of bacterial dis- 
ease on salmon entering Maine and 
New Hampshire coastal waters. 
Vibriosis proved to be a major 
problem, causing losses of 30-80 
percent. Typically, the disease 
occurred several weeks after smolts 
were acclimatized to seawater, and at 
water temperatures above 15°C. Often, 
fish showed no macroscopic signs of 
disease before death. In 1973, we 
isolated Vibrio anguillarum from 
moribund coho salmon and found that 
this strain was serologically similar to 
the archetype west coast organism. 

The following spring we made a 
heat-killed bacterin from this organism 
and tested it at two sites—a private 
salmon farm and the University of New 
Hampshire (UNH) seapens (Sawyer 
and Strout, 1977). At the private farm, 
10,000 fish were injected in- 
traperitoneally with 2 mg wet-packed 
cells per fish; another 10,000 fish were 
treated with Terramycin' when 
vibriosis occurred; and 10,000 controls 
received no treatment. Mortality was 3 
percent in vaccinated fish, 7 percent in 
medicated fish, and 24 percent in con- 
trols. Also, twice as many vaccinated 
fish as controls reached market size in 
the following 6 months. Meanwhile, at 
the UNH seapens, 90 percent of both 
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vaccinated and unvaccinated fish died 
from vibriosis. We isolated a second 
serotype of V. anguillarum from these 
fish. 

In an effort to determine how many 
Vibrio serotypes were present in this 
area and which should be incorporated 
into a bacterin, we sampled cultured 
and feral fishes along the coast for the 
following 2 years. We obtained several 
hundred Vibrio isolates which we in- 
jected into coho salmon to test 
pathogenicity. These coho salmon had 
been reared in fresh water, and thus had 
no prior exposure to the organism. 
Thirty-seven Vibrio strains were 
pathogenic to coho salmon, and all 
these were similar biochemically to the 
archetype V. anguillarum (Evelyn, 
1971). Nonpathogenic Vibrio strains 
differed from the archetype in arginine 
and lysine tests. Agglutinin titers were 
determined with the microtiter system 
using rabbit antisera and antigens pre- 
pared from each of the pathogenic 
strains. On the basis of these tests, it 
appears that we have three serotypes 
(Strout et al., 1978). Two of these 
are similar to the two serotypes found 
on the west coast (Harrell et al., 1976). 
We are now using three strains, repre- 
sentative of these three serotypes, to 
make a trivalent bacterin. This bacterin 
has proved effective in limited testing 
with coho salmon, and field tests are 
now in progress. 

Many of the V. anguillarum isolates 
came from estuaries where Atlantic 
salmon, Salmo salar, smolts are re- 
leased each spring. Since these fish are 
almost certainly exposed to the 
organism, we wondered if vibriosis 
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might contribute to the relatively low 
percent returns of Atlantic salmon. 

Our first step was to compare the 
susceptibility of Atlantic salmon and 
coho salmon. We _ found that 
susceptibility of the two fish species to 
each of our three V. anguillarum 
serotypes in both injection and water 
transmission tests was similar. At 
temperatures of 10° to 15°C, exposure 
levels of 1-2.5 < 10° organisms/ml in 
the water for | hour killed both coho 
salmon and Atlantic salmon smolts. 
These temperatures are found in Maine 
estuaries at the time Atlantic salmon are 
released, and numbers of bacteria in the 
water and natural exposure time may be 
similar. 

Although we had only circumstantial 
evidence that the disease occurs in 
newly released Atlantic salmon, 
vaccination presented little risk, and the 
possibility of considerable benefit. In a 
cooperative effort with the Maine 
Atlantic Sea Run Salmon Commission 
and the U.S. Fish and Wildlife 
Service’s Craig Brook National Fish 
Hatchery, we vaccinated 10,000 tagged 
Atlantic salmon smolts with the 
trivalent bacterin in the spring of 1977. 
The vaccination was done by in- 
traperitoneal injection 5 weeks before 
the fish were released to seawater. 
During that time, we measured pro- 
duction of serum agglutinating 
antibody. Antibody titers at the time of 
release, ranging from 1:10 to 1:40, 
compared favorably with those found in 
vaccinated coho that withstood natural 
challenge from V. anguillarum (Antipa 
and Amend, 1977). However, we 
realize the limitations in using serum 
agglutinin levels as an index of pro- 
tection against the disease. The real test 
of the vaccine’s effectiveness will be 
the number of adult fish returning in 2 
years. 
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Anaerobic Bacteria as Possible 
Disease Agents in Fish 


LANNY R. UDEY 


There are currently 23 recognized 
genera of heterotrophic, obligately 
anaerobic bacteria. Within this group 
are gram-positive rods and cocci and 
gram-negative rods and cocci. Many of 
the genera have representative species 
which are clinically important 
pathogens of man and animals. The 
most familiar genus, Clostridium, con- 
tains the species C. botulinum, C. 
tetani, and C. perfringens, causing 
botulism toxicity, tetanus, and gas 
gangrene, respectively. Other genera of 
anaerobes such as Propionibacterium, 
Fusobacterium, Bacteroides, and 
Eubacterium are less familiar, but also 
significantly involved in human dis- 
ease. 

Although anaerobic bacteria have 
been studied since the beginnings of 
microbiology, it has been only recently 
that they have been identified as a major 
group of pathogens in animals and man. 
A number of reasons can be cited for 
this lag. Probably the most important 
was that many people did not believe 


that strict anaerobes could survive and 
proliferate in “‘oxygenated’’ tissues of 
the body. Lungs, brain, liver, and other 
vital organs were good candidates for 
facultative bacteria, but not for 
anaerobes. Frequent coinfections with 
facultative organisms further com- 
plicated the picture. 

The development of standardized 
procedures for working with anaerobic 
bacteria has helped to dispell some of 
these beliefs. The popularization of the 
roll-tube method (Hungates’ method) 
by workers at the Virginia Polytechnic 
Institute’s Anaerobe Laboratory and 
commercialization of the Gas-Pak' 
(BBL) anaerobic jar have both greatly 
aided in standardizing and facilitating 
procedures for cultivating anaerobic 
bacteria. Recent advances in the pro- 
cedures used to classify anaerobes have 
made the task of identifying these 
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organisms somewhat less tedious. In 
particular, the use of gas-liquid 
chromatography to identify the major 
metabolic by-products from ferment- 
able substrates allows rapid identi- 
fication to genus and sometimes to 
species. Although other confirmatory 
tests are required, much time can be 
saved by knowing which tests to run. 
Many of these advances have come 
about within the past 3-5 years, and 
their adoption by clinical microbiology 
laboratories is still underway. It seems 
to me that in the not too distant future a 
number of fish disease laboratories will 
also adopt these procedures and de- 
velop new ones particularly suited to 
fish disease studies. 

At the Fish and Shellfish Pathology 
Laboratory at the University of Miami, 
we have been involved with the study of 
anaerobes from marine fish for the past 
2 years. Our studies began following 
the occurrence of several large fish kills 
in Biscayne Bay. In addition to the 
kills, moribund fish were present which 
exhibited a ‘‘twirling’’ symptom not un- 
like that observed in trout with whirling 
disease. Analysis of toxicological and 
parasitological as well as aerobic 
bacteriological data revealed no con- 
sistent cause of this symptom. We 
began a search for anaerobic bacteria in 
the brains (because of the likelihood of 
neurologic involvement) of fish 
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showing these symptoms. At the time, 
only thioglycollate cultures were taken, 
but we were fortunate in isolating an 
anaerobe, in pure culture, from the 
brains of all the mullet, Mugil 
cephalus, sampled. 

This bacterium has since been named 
by us as Eubacterium tarantellus sp. 
nov. (Udey et al., 1977). It is a gram- 
positive rod measuring 1|.3-1.6 x 
10.0-17.0 sam which upon initial isola- 
tion can occur as long filaments many 
times that length (Fig. 1). The organism 
does not form spores and is nonmotile. 
Colonies on BHI blood agar are trans- 
parent, filamentous, and often form a 
‘*pinwheel’’ design. Colonies are al- 
ways surrounded by a large zone of beta 
hemolysis. The organism also produces 
lecithinase upon initial isolation, but 
may lose this characteristic upon re- 
peated transfer. The minimum growth 
temperature of E. tarantellus is 15°C, 
which is probably a reflection of the fact 
that it was isolated in the tropics. Un- 
less the organism can adapt to colder 
temperatures, its growth in many areas 
(outside the tropics) would be limited to 
summer months. It is interesting to note 
that E. tarantellus will not grow at 
salinities of greater than 20 ppt or above 
pH 8.0 (at least in laboratory media). 
This strongly suggests that the or- 
ganism is an obligate fish pathogen, is 
limited to growth in estuaries, or is 
from exogenous sources such as land 
runoff or sewage effluents. Fortu- 
nately, E. tarantellus presents little 
threat to humans since it does not pro- 
duce toxins; it is not pathogenic for 
guinea pigs. This is a particularly im- 
portant consideration when working 
with anaerobes because numerous 
species of Clostridium produce potent 
toxins, making them a hazard in the 
laboratory. 

To determine if FE. tarantellus causes 
infection primarily of the central ner- 
vous system or a more generalized in- 
fection, an organ distribution study was 
undertaken. Organ samples from 38 
fish belonging to 12 species were 
cultured on BHI blood agar. Sixty-six 
percent of the fish yielded positive brain 
cultures. Only 5 percent of the liver and 
kidney samples were positive, while 7 
percent of the intestinal content 
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Figure |.—Long filaments and shorter rods of Eubacterium tarantellus seen in initial 
cultures using Brewer’s thioglycollate medium. Phase contrast, 400 x. 


samples contained E. tarantellus. In no 
case was the anaerobe isolated from an 
organ other than the brain if the brain 
was not also infected. This clearly indi- 
cates that this particular anaerobe has a 
definite tissue specificity. Of the 12 
species sampled in this study, the 
bluefish, seatrout, menhaden, and 
snook all had a 100 percent incidence. 
In the past, the striped mullet also 
showed a 100 percent incidence. All 
strains which we have isolated to date 
appear to be closely related serolog- 
ically (Fig. 2). Infections do not seem 
to be correlated with the type of feeding 
habits; menhaden and mullet are filter 
feeders, while bluefish and seatrout are 
carnivores. It seems likely that the fish 
are either all equally exposed to the 
source of infection or that it is being 
transmitted up the food chain. More 
work will be needed in this area in the 
future. 

The question which arises most often 
in discussions of E. tarantellus in- 
fections is ‘‘What, if anything, is the 
organism doing to the large number of 
fish which seem to be infected?’’ This is 
a particularly germane question and one 
which is extremely difficult to answer 
for native fish populations. We are 
confident that, in the past, the anaerobe 
has been responsible for fish kills in 


Figure 2.—Double immunodiffusion 
plate demonstrating the serological re- 
latedness of Eubacterium tarantellus 
isolates. Outer wells: suspensions of son- 
ically disrupted E. tarantellus cells of six 
strains isolated from different fish 
species. Center well: rabbit anti-E. 
tarantellus (strain 128) serum. 


Florida and in Texas (Henley and 
Lewis, 1976). If we can use two 
examples from the field of cultured fish 
diseases, the importance becomes more 
evident. The best example, perhaps, 
would be that of bacterial kidney dis- 
ease (BKD). Fish can be infected with 
the BKD bacterium for several years 
and not show any outward symptoms, 





but, if they are subjected to an appro- 
priate environmental stress, they may 
quickly succumb to the infection. Sec- 
ondly, Aeromonas salmonicida is often 
present in a large percentage of fish ina 
carrier state which can again be 
triggered into an active infection by a 
stressful environment. It is our feeling, 
therefore, that any significant deep 
organ infection (particularly the brain) 
is of major consequence to the fish 
population. 

In the future, I believe that additional 
anaerobic bacterial fish pathogens will 
be discovered. Much of the ground- 
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work is set, and, as more people begin 
to look for this group of organisms, 
more will be found. 
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Recent Developments in Channel 
Catfish Virus Research 


J. A. PLUMB and P. R. BOWSER 


Channel catfish virus (CCV) is well 
established as a highly virulent 
pathogen in some cultured channel 
catfish fingerling populations. This 
highly contagious disease of juvenile 
channel catfish occurs during the warm 
summer months. Although most 
epizootics have occurred in the south- 
ern states, the virus has been isolated 
from channel catfish fingerlings in 
several northern and western states. 
Mortality rates of CCV-infected 
populations may approach 100 percent. 
CCV is caused by herpesvirus of 
ictalurids (Wolf and Darlington, 1971). 
The virus has been isolated only from 
fish when fry or fingerlings are actually 
dying. Epizootics appear to be 
associated with some form of stress. 

The brown bullhead (BB) cell line is 
normally used for isolation of CCV. A 
cell line is being developed from 
channel catfish ovaries (CCO) which 
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is now in the 75th passage and 
approximately 20 months old. CCO 
cells appear to be more sensitive to 
CCV than the BB cells; CCO cells de- 
velop initial microscopic cytopathic 
effect (CPE) 12-24 hours before the BB 
cells, and total CPE occurs 24-48 hours 
in CCO cells before it does in BB cells. 
Also, the CCV titers in CCO cells are 
0.5-1.0 log (base 10) higher than in the 
BB cells. 

A fluorescent antibody (FA) 
technique has been developed for de- 
tecting CCV in vitro. Rabbit anti-CCV 
serum was conjugated with fluorescein 
isothiocyanate (FITC) using the 
method of Cherry (1974). CCO 
cultures in Leighton tubes were in- 
fected with CCV, and, at 2-hour in- 
tervals after infection, coverslip 
cultures were removed, fixed in 
acetone, and incubated with FITC con- 
jugate. Infected CCO cells fluoresced 
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at 4 hours postinfection (PI) with focal 
cytoplasmic fluorescence. Fluores- 
cence increased with larger focal areas 
through 6 and 8 hours PI, until at 10 
hours the entire cell sheet was fluor- 
escing. The FA technique has not been 
applied to in vivo infections. 

Confirmed CCV epizootics have 
been found only in farm-raised channel 
catfish populations. Different strains of 
channel catfish vary in_ their 
susceptibility to CCV (Plumb et al., 
1975); however, data on susceptibility 
of other species of ictalurids to CCV are 
lacking. Young brown, black, and 
yellow bullhead catfish were exposed to 
CCV by incorporating the virus into the 
feed, intraperitoneal (IP) injection, and 
by cohabitation with CCV-infected 
channel catfish. Although some 
mortality occurred in all of these 
bullheads in each method of exposure, 
CCV was not isolated from any of the 
exposed fish. It is interesting to note 
that the BB cells support CCV re- 
plication but that the fish itself 
apparently does not. 

In another study, blue and channel 
catfish fingerlings and their reciprocal 
crosses were compared for CCV 
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susceptibility by IP injection. All 
groups were similar in sensitivity to the 
virus. The titer in channel catfish was 
1x10? ?9 LD... blue catfish was 
| x10** LD.,, channel female X blue 
male was | X10*8’ LD;,, and blue 
male X channel female was | x10? °* 
LD;». 

Ina CCV titration in blue catfish, the 
initial mortality of those injected with 
3.16 10° TCID;, occurred 36 hours 
after injection, and, after 60 hours, 100 
percent of these fish were dead. Blue 
catfish injected with 3.16 x10* TCID,, 
had 100 percent mortality after 84 
hours. Approximately 80 percent of 
those fish injected with 3.16 <10* or 


3.16 x10? TCID,, died; 70 percent of 
those injected with 3.2 X10' TCID;, 
died; and 20 percent of the fish injected 
with 3.2 X10° TCID,, died. No control 
fish were lost. 

Intraperitoneal injection was the only 
successful method of infecting blue 
catfish. Feeding virus and cohabitation 
with infected channel catfish were un- 
successful in establishing infection in 
blue catfish, although these methods 
worked well for infected channel 
catfish. CCV replication reached a peak 
in blue catfish 42 hours PI when 
1 x10°*% TCID;/gm of viscera were 
isolated. The channel female < blue 
male fingerlings reached a similar peak 


of replication 72 hours PI; however, the 
channel catfish fingerlings reached a 
peak of | x10? TCID,,/gm of viscera 
72 hours PI. 
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Viral Diseases of the Blue Crab, 
Callinectes sapidus 


PHYLLIS T. JOHNSON 


To date, 13 viruses have been found 
in crustaceans (Bang, 1971; Bazin et 
al., 1974; Bonami and Vago, 1971; 
Bonami et al., 1971; Chassard- 
Bouchaud et al., 1976; Couch, 1974; 
Federici and Hazard, 1975; Johnson, 
1976a, b; Johnson and Bodammer, 
1975; Vago, 1966). Eleven of them are 
from decapods, and 4 of the | 1 occur in 
the blue crab. 

Known viruses of the blue crab in- 
clude: 1) a Baculovirus that infects the 
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hepatopancreas (Fig. 1); 2) a reolike 
virus found in hemopoietic tissue, 
hemocytes, certain other mesodermal 
cells, and some ectodermal cells, in- 
cluding the general epidermis and prob- 


ably the glia of the central nervous 
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system (Fig. 2); 3) a herpeslike virus 
that is mainly confined to hemocytes 
(Fig. 3); and 4) a picornalike virus that 
attacks ectodermal elements, including 
neurosecretory cells, epidermis, and 
the bladder epithelium (Johnson') (Fig. 
4). Occasionally, the latter also infects 
hemocytes and hemopoietic tissues. A 
fifth entity which has many characteris- 
tics of the Rhabdoviridae has been 
found in crabs also infected with any of 
the last three viruses (Fig. 2), and it 
may represent a virus that manifests 
itself mainly in stressed animals (John- 
son, footnote 1). 

The Baculovirus apparently does not 
cause overt disease in its host. It usually 
infects only scattered cells, and, since 
tissue replacement is occurring con- 
stantly in the hepatopancreas, the 
damage caused usually must be 
minimal. The Baculovirus occurs in all 
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Figure |.—Baculovirus in a nucleus of the epithelium of the 
hepatopancreas. The rodlike particles often occur in 


paracrystalline arrays. 5,500 x. 


populations of the blue crabs that I have 
sampled. 

The reolike virus (RLV) causes a 
fatal infection. If infected hemolymph 
is injected into the body cavity of a 
crab, the virus may kill within 3 days, 
while crabs fed infected tissues usually 
take 12-32 days to die. There is massive 
destruction of the hemopoietic tissue 
and young hemocytes. Marked necrosis 
of the neuroglia, possibly caused by 
RLV, also occurs. Neurological 
damage may be the actual cause of 
death in such cases. Symptoms include 
lack of molting, sluggishness, 
trembling of the appendages, paralysis, 
and disorientation (Johnson, 1977). 
These symptoms may be largely de- 
pendent on destruction of the nervous 
tissues. RLV has been found in crabs 
from both Chincoteague and Chesa- 
peake Bays. 

The herpeslike virus (HLV), which 
infects mainly hemocytes, causes 
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Figure 2.—Reolike virus and rhabdolike virus infecting the 
cytoplasm of hemocytes. The icosahedral particles of the reolike 


virus are in the cytoplasm, while the rhabdolike virus appears as 
sinuous tubules within the enlarged endoplasmic reticulum. 


27,700 x. 


fatalities in injected crabs only after 
30-40 days, and natural infections may 
take much longer before causing death. 
Symptoms are not manifested until in- 
fection is terminal, and death is prob- 
ably due to the massive destruction of 
hemocytes. The hemolymph of mori- 
bund animals is chalky white, due to the 
presence of virus particles and frag- 
ments from lysed cells. HLV has been 
found only in crabs taken from Assa- 
woman Bay, Del., and Chincoteague 
Bay, Va. 

The picornalike virus (CBV) was 
found in a group of about 100 young 
crabs that had been collected for use in 
nutrition studies. Over a 2-month 
period, most of the crabs died of their 
infection. CBV has a predilection for 
ectodermal tissues; apparently hemo- 
poietic tissue and hemocytes are only 
secondarily infected, and sometimes 
they are not attacked at all. Many of the 
symptoms displayed are probably due 


to destruction of neurosecretory cells. 
The molt pattern is interfered with; 
often the animals are blinded; and dis- 
orientation is evident. It may take a 
month after the first symptoms are man- 
ifested before death occurs. The tissues 
attacked differ according to the particu- 
lar crab, and the leisurely course of the 
disease in some crabs is probably due to 
the fact that vital centers were not at- 
tacked until late in the infection. As 
well as disrupting the neurosecretory 
systems, some infections involve ex- 
tensive destruction of the gill epithelia, 
thus greatly reducing respiration and 
interfering with osmotic control. 

The impact of these viruses in a 
natural population has not been in- 
vestigated. They can cause serious 
mortalities in captive populations, as 
has been shown. Holding under 
artificial conditions causes stresses 
probably not usually encountered in the 
wild, such as crowding and inadequate 
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Figure 3.—Herpeslike virus in the greatly enlarged nucleus of a 
hemocyte. The cytoplasm is reduced to a thin rim surrounding 


the nucleus. 5,500 x. 


diet. To date, 


histopathological 
examination has been the only sure 
method of determining presence of 
virus infection. Other more rapid 
means must be devised to assess pro- 
perly the extent of virus infection and of 


virus-induced mortality in wild 


populations. 
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Piscine Erythrocytic Necrosis (PEN): 
A Viral Infection of the Atlantic Cod 


and Other Marine Fishes 


PAUL RENO, MARIE PHILIPPON-FRIED, 
BRUCE L. NICHOLSON, and STUART SHERBURNE 


Several infections of erythrocytes of 
poikilothermic vertebrates, previously 
thought to be protozoan infections, 
have recently been shown to be 
associated with viruses (Appy et al., 
1976; Johnston and Davies, 1973; 
Walker, 1971). These infections are 
distinguished by the presence of 
characteristic acidophilic cytoplasmic 
inclusions and/or nuclear degeneration. 
Electron microscopic examination of 
infected blood cells revealed that the 
inclusion bodies were associated with 
large, hexagonal viruses similar in 
morphology to the insect iridescent vi- 
ruses and to lymphocystis virus. 


Figure |.—Electron micrograph of cod PEN virus. Bar =0.5 wm. 


In this study, we have investigated 
PEN in the Atlantic cod, herring, and 
other marine and anadromous species. 
The cytoplasmic inclusions observed in 
infected erythrocytes of cod, Gadus 
morhua, were 0.3-1.5 jum in diameter, 
round to ovoid, and Feulgen positive. 
These inclusions were often surrounded 
by less acidophilic granules. Electron 
microscopy showed that these granules 
were icosahedral virions and that the 
inclusion body was a viroplasm, pre- 
sumably the pool of viral precursors: nu- 
cleic acid and protein. The nuclei of 
PEN-infected erythrocytes were 
irregular in outline, often appearing 
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fragmented. Electron microscopy 
confirmed that the chromatin was un- 
evenly marginated, thus giving the im- 
pression of nuclear fragmentation when 
viewed by light microscopy. 

Electron microscopic examination of 
thin sections of infected cod erythro- 
cytes revealed icosahedral virions with 
an average diameter of 300 nm, edge- 
to-edge, composed of an outer, 
hexagonal-shaped, electron dense layer 
approximately 35 nm wide and an 
inner, less electron dense layer approx- 
imately 16 nm wide, surrounding a cen- 
tral electron dense nucleoid approxi- 
mately 230 nm in diameter. The virions 
were usually surrounded by an 
irregular, fibrous, electron translucent 
zone (Fig. 1). 

The overall incidence of PEN- 
infected cod sampled from several 
areas in the northwest Atlantic was 15 


Figure 2.—Electron micrograph of herring erythrocyte showing 
Type I inclusion with PEN virions at the periphery and in the interior 


of inclusion. Bar=0.5 wm. 
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Figure 3.—Electron micrograph of herring erythrocyte showing typical PEN virions. Bar =0.5 
pum. 


percent (59/390), and the intensity of 


infection ranged from 0.01 percent to 
more than 99 percent. 

Cytoplasmic inclusions similar to 
those of PEN in cod have been observed 
in erythrocytes of herring, Clupea 
harengus harengus, sampled from the 
Maine coast; nuclear degeneration was 
also frequently observed (Sherburne. 
1973). Infection has been observed in 
all developmental stages of red blood 
cells, from erythroblasts to mature 
erythrocytes. Nuclear chromatin con- 
densation with formation of pseudo- 
vacuoles was evident, especially in ma- 
ture cells. Many infected cells showed 
only nuclear degeneration without a 
visible cytoplasmic inclusion. 

In this investigation, electron micros- 
copy indicated that infected cells 
generally lost their characteristic 
elliptical shape. Also, the nucleus 
usually appeared irregular in shape with 
a distinct margination of the chromatin. 
Two apparently distinct types of in- 
clusions were observed in infected 
cells. The first type was similar to the 
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viroplasm observed in infected cod 
cells. These were roughly circular in 
shape and up to 1.5 wm in diameter. In 
all instances, viruslike particles were 
found in close association with the in- 
clusions, either at the periphery or oc- 
casionally within the interior of the in- 
clusion (Fig. 2). The second type of 
inclusion did not have virus associated 
with it, and appeared morphologically 
distinct from the first type. These in- 
clusions were variable in size, ranging 
from 0.5 um to 3 wm in diameter. They 
were usually less electron dense than 
the surrounding cytoplasm, and were 
surrounded by multiple membranes. 
The virions present in infected 
herring erythrocytes were hexagonal in 
shape with an average diameter of 145 
nm (Fig. 3). The virion was composed 
of an outer electron dense layer 8 nm in 
width, a less electron dense layer 16nm 
wide, and a densely staining core 
approximately 100 nm in diameter con- 
taining a 40-nm central, electron trans- 
lucent area. Thus, the virus infecting 
herring was distinguishable from the 


virus of cod by its size and 
ultrastructure. 

One group of herring, which upon 
capture had an |! percent incidence of 
PEN infection, was held in captivity at 
14°-15°C. Six days after capture 57 
percent of the fish sampled had typical 
inclusions, and 13 days after capture 95 
percent of the fish sampled were PEN 
positive. It is not known if this increase 
in PEN incidence after being held in 
captivity was the result of horizontal 
transmission of the infection, or reflects 
the development of previously inappar- 
ent infections as a result of stress. 

PEN also has been found in the blood 
of anadromous alewives, Alosa 
pseudoharengus (Sherburne, 1977). 
Fifty-six percent of prespawning and 10 
percent of the postspawning adults 
sampled exhibited PEN. However, the 
highest intensity of infection in any 
noncaptive individual was approxi- 
mately 0.2 percent. PEN has not been 
found in juvenile alewives. The in- 
fected erythrocytes from alewives re- 
sembled the characteristic patterns of 
PEN in cod, but characteristic nuclear 
distortion was generally present with- 
out a visible cytoplasmic inclusion. 
Low levels of natural infection have 
prevented elucidation of the virus in 
wild fish by electron microscopy. 

One alewife, held in captivity with 
PEN-infected herring as well as other 
species which were uninfected, 
exhibited PEN inclusions in 
approximately 90 percent of its 
erythrocytes. Nuclear degeneration 
patterns characteristic of both the cod 
and herring PEN infection were 
observed in this fish. Examination by 
electron microscopy revealed virions 
similar in size and ultrastructure to the 
PEN virus of herring. Both types of 
inclusions described for the herring in- 
fection were observed in this fish. It is 
not known whether this fish became 
infected as a result of exposure to in- 
fected herring or represents a natural 
infection. Consequently, the re- 
lationship of this virus to the infection 
observed in wild fish is not known. 

Light microscopic evidence of PEN 
infections has been obtained for several 
additional species, including longhorn 
sculpin, sea raven, flounder, rock 





gunnel, and smelt. Confirmation of a 
viral involvement in infection of these 
species awaits the capture of fish with 
sufficiently high numbers of infected 
erythrocytes to warrant electron micro- 
scopic examination. 

At least two viruses associated with 
PEN have been described; studies on 
the transmission of these viruses as well 
as their effects on infected fish are in 
progress. 
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Viruses and Viruslike Lesions 
in Marine Mollusks 


C. AUSTIN FARLEY 


A new and exciting phase of virolog- 
ical research has developed recently 
with the discovery of virus diseases in 
marine invertebrate organisms, particu- 
larly those found in mollusks and crus- 
taceans. This brief report summarizes 
the known characteristics of molluscan 
viruses and attempts to systematically 
categorize them into appropriate 
families. Hopefully, this review will 
provide some understanding of virus 
classification and will prove useful for 
identifying viruses in marine or- 
ganisms. 


DESCRIPTION OF VIRUSES 
BY TENTATIVE GROUP 


Pedoviridae 


Host - chlamydial parasite of Mer- 
cenaria. mercenaria (Harshbarger et 
al., 1977) 

Nucleic acid - unknown, presumptively 
2 DNA linear 

Symmetry - octahedral on the basis of 
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2- 3- 4-sided rotational planes in 
paracrystalline array 

Size - 50-nm, nonenveloped virion 

Morphology and development - short 
tails visible in 4-sided plane of array 
at 45° angle from the square 

A phage has also been found in a myco- 
plasma which was infecting Telina 
tenuis, and formed paracrystalline 
arrays of 70-nm hexagonal particles 
(Buchanan, 1973). 


Papovaviridae 


Host - Crassostrea virginica 

Tissue - gametogenic epithelium 

Nucleic acid - DNA (presumed 2 circu- 
lar) (Feulgen positive, intranuclear 
inclusions) 

Symmetry - icosahedral (6- and 5-sided 
particles), 2-3 symmetry in paracrys- 
talline array 

Size - 53-nm, nonenveloped virion 

Morphology and development - repli- 
cates and assembles in nucleus, 
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sometimes associated with filaments 
and microtubules. Massive hyper- 
trophy of cell pathognomic. Most 
similar to Papillomavirus (Farley, 
1976a). 

Similar histologic lesions have been 
seen in Crassostrea gigas (Farley' 
and Kern?), C. commercialis 
(Wolf*), Ostrea lurida, and O. 
edulis (Bonami*). Smaller cells with 
similar inclusions have been seen in 
Mya arenaria gill epithelium and in 
Macoma balthica hemocytes. 


Host - Mya arenaria 

Tissue - connective tissues, hemocytes, 
gill epithelium 

Nucleic acid - DNA (Feulgen positive, 
intranuclear inclusions) (Farley, 
1976b) 
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lier, France. Pers. commun. 


Marine Fisheries Review 





Symmetry - icosahedral (6- and 5-sided 
particles) 

Size - 40- to 45-nm, nonenveloped vir- 
ion 

Developmental features - replicates and 
assembles in nucleus producing 
Feulgen positive, intranuclear inclu- 
sion and some hypertrophy of cell. 
Most closely resembles Polyoma- 
virus (Harshbarger?). 


Herpetoviridae 


Host - Crassostrea virginica 

Tissue - hemocytes 

Nucleic acid - DNA (Feulgen positive, 
intranuclear inclusions) 

Symmetry - icosahedral (6- and 5-sided 
particles) 

Size - 90-nm capsid; 200 x 250-nm, 
enveloped virion 

Morphology and development - virus 
replicates in nucleus, assembles in 
nucleus and cytoplasm. Envelop- 
ment is in cytoplasm de novo in vir- 
ogenic stromal areas. Cytoplasm as- 
semblage activity is associated with 
microtubules. Toroidal structure is 
seen in nucleoids. A lateral bodylike 
organelle is present in virions. Inter- 
nal membranes occur as inner en- 
velopes of the capsid (Farley et al., 
1972). 


Other possible herpes infections in 
mollusks based on similarity of in- 
tranuclear inclusions have been seen in 
Ostrea edulis (Alderman®) and Mer- 
cenaria mercenaria. Recent observa- 
tions by Farley (footnote 1) and Kern 
(footnote 2) of gonadal ‘‘tumors”’ in 
hard clams (Barry and Yevich, 1972) 
indicate the presence of herpes-type 
intranuclear inclusions in affected 
cells. 


Iridoviridae 


Host - Octopus vulgaris 

Tissue - muscle 

Nucleic acid - DNA, presumptive 
(malachite green) 

Symmetry - icosahedral (6- and 5-sided 
particles) 


5Harshbarger, J. C., Registry of Tumors in 
Lower Animals, Museum of Natural History, 
Smithsonian Institution, Washington, DC 20560. 
Pers. commun. 

® Alderman, D. J., Ministry of Agriculture, Fish- 
eries and Food, Fish Diseases Laboratory, The 
Nothe, Weymouth, Dorset DT4 8UB. England. 
Pers. commun. 
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Size - 110-120 nm (envelope not read- 
ily apparent) 
Development - assembly in cytoplasm 


(no nuclear involvement apparent). 
Size, morphology, and location in cy- 
toplasm is similar to insect iridovirus 
features (Rungger et al., 1971). 

Host - Crassostrea angulata 

Tissue - connective tissue cells 

Nucleic acid - DNA (basophilic cyto- 
plasmic inclusions which stain simi- 
lar to nuclear chromatin with standard 
nuclear stains) 

Symmetry - 350-nm, enveloped virion 

Development - no obvious nuclear in- 
volvement. Assembles in cytoplas- 
mic inclusions by budding through de 
novo membrane at edge of virogenic 
stroma. Most similar to lymphocystis 
virus of fish and other vertebrates 
(Comps et al., 1976) 


Togaviridae 


Host - Ostrea lurida 

Tissue - hemocyte 

Nucleic acid - RNA presumptive (no 
Feulgen positive material seen in 
cytoplasm of cells) 

Symmetry - icosahedral? (6-sided vir- 
ions) 

Size- 50-nm, enveloped virion 

Development - viruslike particles bud 
through plasma membrane (Fig. 1). 
Infected cells and virions rare, seen 
in one animal. Most similar to Al- 
phavirus. Evidence too scant to 
definitively identify as virus (Farley, 
footnote 1). 


Retroviridae 


Host - Crassostrea virginica 

Tissue - epithelia of digestive diver- 
ticula 

Nucleic acid - RNA (presumptive) (no 
Feulgen positive material in cyto- 
plasm of cells) 

Symmetry - anisometric : 

Size - 100- to 1 10-nm,enveloped virion 

Development - immature particles, 
with electron lucent centers and elec- 
tron dense capsid material closely ap- 
posed to membrane, bud through the 
apical microvillar plasma membrane 
of epithelial cells in the digestive 
gland (Fig. 2). Peplomeres are evi- 
dent in the virion envelope (Farley, 
1975). Most similar to C type parti- 
cles from baboon and human 
placenta. 


Paramyxoviridae 

(viruslike inclusions) 

Host - Mya arenaria 

Tissue - teratomatous glandular tissue 

Nucleic acid - RNA, presumptive 
(Feulgen negative, intranuclear and 
cytoplasmic inclusions) 

Cytology - inclusions characteristic of 
measles or distemper lesions where 
seen in histologic sections of this 
tumor (Otto’; Farley, footnote 1). 
Electron miscoscopy of deparaf- 
finized material is planned. 

Reoviridae 

Host - Sepia officinalus 

Tissue - stomach epithelium? 

Nucleic acid - 2 RNA, presumptive on 
basis of other characteristics 

Symmetry - icosahedral (6- and 5-sided 
particles) 

Size- 75-nm, nonenveloped capsid 

Development - assembly at edge if 
virogenic stromal inclusions in the 
cytoplasm. Microtubular arrays were 
seen in association (Devauchelle and 
Vago, 1971). 


Host - Telina tenuis, C. 
other bivalve mollusks 

Nucleic acid - 2 RNA (preliminary 
biochemical characterization) 

Symmetry - icosahedral (negative 
stain) 

Size - 55-nm, nonenveloped virion 

Other features - immunologically re- 
lated to IPN virus of fish. Increased 
titer recorded in infection experi- 
ments. No histopathology or thin sec- 
tion ultrastructural characterization 
(Hill, 1976). 


SUMMARY AND DISCUSSION 


Viruses and viruslike lesions have 
been found in over 13 species of mol- 
lusks, and represent several major or- 
ders. The absence of viruses in gastro- 
pods is probably due to lack of routine 
investigation rather than a real differ- 
ence in occurence. 

All of the viruses which have been 
found infecting mollusks can be tenta- 
tively placed in families previously as- 
sociated primarily with mammalian 
diseases. This surprising revelation 
suggests two tentative conclusions: |) 
most, if not all, of the major groups of 


gigas, and 


70tto, S. V., Maryland Department of Natura! 
Resources, Oxford, MD 21654. Pers. commun. 
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Figure |.— Viruslike particles budding from plasma membrane of 
Ostrea lurida hemocyte. Size, morphology, and development re- 


sembles Togavirus. 54,000 x. 


viruses have been described, and 2) the 
evolutionary development of these 
groups occurred much earlier than 
thought previously, primarily taking 
place in the sea within marine inverte- 
brates prior to the evolution of verte- 
brates. 

Major diversity is seen in the oyster 
herpes-type virus which shows rela- 
tionships with more highly developed 
groups such as the Iridoviridae and the 
Poxviridae. 

The comparative virology of marine 
invertebrates appears to be providing 
information which may lead to a much 
closer understanding of virus phy- 
logeny and host parasite and vector re- 
lationships. 

The study of marine invertebrate vi- 
ruses is hindered by lack of experimen- 
tal systems such as tissue culture 
methodology and marine animal hus- 
bandry. The use of histopathology, ul- 
trastructural morphology, and cyto- 
logic development has provided infor- 
mation which can be used to at least 
identify viruses to family. Knowledge 
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Figure 2.—C type viruslike particles budding from plasma mem- 
brane of digestive gland epithelium in Crassostrea virginica. Note 


peplomerelike structures adjacent to membrane and electron lucent 
center of free particle. 54,000 x. 


of this type can be used to infer other 
relationships concerning the biological 
aspects of viruses and virus diseases in 
marine forms. 
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Viruses and Virus Diseases of 
Salmonid Fishes 


PHILIP E. McALLISTER 


Four viral agents—infectious pan- 
creatic necrosis (IPN) virus, infectious 
hematopoietic necrosis (IHN) virus, 
viral hemorrhagic septicemia (VHS) 
virus, and Herpesvirus salmonis— 
cause disease among salmonid fishes. 


In addition, a virus may be the cause of 


erythrocytic necrosis in salmon. 


INFECTIOUS PANCREATIC 
NECROSIS VIRUS 


The IPN virus infects fry and finger- 
lings of several species, and mortality is 
generally heavy during epizootics. 
Shipment of infected eggs and fish has 
contributed to worldwide dissemina- 
tion of the virus. Clinical manifesta- 
tions include exophthalmia, darkened 
color, fecal pseudocasts, erratic swim- 
ming, and mucoid accumulations in the 
otherwise vacuous alimentary tract. 
Histopathological examination reveals 
necrosis of the pancreas and in some 
cases slight renal or hepatic necrosis 
(Kudo et al., 1973; McKnight and 
Roberts, 1976; Yasutake, 1970). 
Neither the clinical nor histopathologic 
changes clearly differentiate IPN from 
other salmonid virus diseases. 

The IPN virus can be recovered from 
internal organs, sex products, feces, 
and peritoneal washings (Billi and 
Wolf, 1969; Frantsi and Savan, 197 la). 
Neutralization and complement fixa- 
tion tests have demonstrated multiple, 
cross-reacting serotypes (Finlay and 
Hill, 1975; Lientz and Springer, 1973). 
Mortality is generally higher at 15°- 
16°C than at lower temperatures 
(Frantsi and Savan, 1971b; Sano, 
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1973). Survivors of epizootics may be- 
come carriers and shed virus with feces 
and sex products, thus permitting both 
horizontal and vertical transmission 


(Bullock et al., 1976; Wolf et al., 1963; 


Wolf et al., 1968; Yamamoto, 1975). 
An agent that is morphologically and 
serologically related to IPN virus has 


been recovered from several genera of 


marine invertebrates (Hill, 1976; 
Underwood et al., 1977). 

The IPN virus is an unenveloped, 
icosahedral particle 55-65 nm in diam- 
eter (Moss and Gravell, 1969). The vir- 
ion contains at least four structural pro- 
teins. These polypeptides are grouped 
in three general size classes, designated 
a, B, and y, having approximate 
molecular weights of 100,000, 58,000, 
and 32,000 daltons, respectively 
(Dobos, 1977; Dobos et al., 1977). The 
viral genome consists of two segments 
of double-stranded RNA (Dobos, 
1976; Macdonald and Yamamoto, 
1977), which are transcribed by a 
virion-associated RNA polymerase 
(Cohen, 1975). Reaction temperatures 
of 24°-29°C favor continued, linear in 
vitro enzyme activity; reaction products 
have yet to be characterized. The capsid 
structure and nucleic acid content dif- 
ferentiate IPN virus from the recog- 
nized virus groups. 


INFECTIOUS HEMATOPOIETIC 
NECROSIS VIRUS AND 
VIRAL HEMORRHAGIC 

SEPTICEMIA VIRUS 


Two rhabdoviruses, IHN virus and 
VHS virus, produce acute disease in 


Phillip E. McAllister is with the Na- 
tional Fish Health Research 
Laboratory, National Fisheries 
Center—Leetown, U.S. Fish and 
Wildlife Service, Kearneysville, WV 
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salmonid fry and fingerlings; VHS 
virus also causes epizootics and mortal- 
ity in older fish. The IHN virus has 
attained global distribution whereas 
VHS virus has thus far been isolated 
only in Europe. Clinical manifestations 
of IHN and VHS are similar to those of 
IPN, but also include petechial hemor- 
rhages at the anus and bases of the pec- 
toral and pelvic fins. In fish with VHS, 
hemorrhages may be evident through- 
out the viscera and musculature. His- 
topathological examination reveals 
necrosis of liver, kidneys, spleen, and 
pancreas. In IHN, but not in VHS, ne- 
crosis of the granular cells of the stra- 
tum compactum and stratum granulo- 
sum is evident ( Yasutake, 1970). Both 
the clinical and histopathological man- 
ifestations of VHS may vary during the 
course of the disease (Ghittino, 1973). 

Either IHN or VHS virus can be re- 
covered from internal organs, feces, 
and sex products, and VHS virus may 
also be recovered from skeletal mus- 
cle. A pH of 7.6-7.8 is required for 
VHS virus to induce cytopathic effects 
in cell culture (Campbell and Wolf, 
1969). One IHN virus serotype (Mc- 
Cain et al., 1971) and two VHS virus 
serotypes (Jgrgensen, 1972) are recog- 
nized. The optimum temperature for 
promoting IHN mortality is 12°C and 
for VHS is about 10°C. The severity of 
infection with these two viruses gener- 
ally decreases at temperatures above 
15°C (Amend, 1970, 1976), but some 
survivors become carriers (Amend et 
al., 1973; Ghittino, 1973). Transmis- 
sion occurs horizontally and possibly 
vertically with IHN virus, but appar- 
ently only horizontally with VHS virus. 

Both IHN and VHS viruses contain 
five structural proteins, designated L, 
G, N, M,, and Mg, having approximate 
molecular weights of 157,000, 73,000, 
41,000, 23,000, and 19,000 daltons, 
respectively (Hill et al., 1975; Lenoir 
and de Kinkelin, 1975; McAllister and 
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Wagner, 1975). Glycosylation of the G 
protein of both viruses has been dem- 
onstrated, as well as phosphorylation of 
the N protein of VHS virus and the N 
and M: proteins of IHN virus (McAllis- 
ter and Wagner, 1975). Both IHN and 
VHS virions possess an endogenous 
RNA-dependent RNA polymerase 
which transcribes the single-stranded 
RNA viral genome (McAllister and 
Wagner, 1977). The optimal tempera- 
ture tor in vitro transcription is about 
18°C for IHN virus and about 15°C for 
VHS virus; these optimal temperatures 
closely approximate growth of IHN and 
VHS viruses in salmonid cell cultures. 
The mRNA species synthesized in vitro 
have been analyzed by cross- 
hybridization to single-stranded IHN 
and VHS virion RNA. The transcrip- 
tion products hybridize completely to 
the homologous genome but not at all to 
the heterologous genome, indicating no 
detectable complementarity between 
the IHN and VHS viral RNA templates. 
These data support earlier cross- 
neutralization studies which suggest 
that IHN and VHS viruses are unrelated 
agents (McAllister et al., 1974). 


HERPESVIRUS SALMONIS 


The isolation of Herpesvirus sal- 
monis from moribund, post-spawning 
rainbow trout, Salmo gairdneri, was 
confirmed in 1975 (Wolf, 1976). A 
similar, if not identical, agent has been 
recovered from moribund fry of 
kokanee salmon, Oncorhynchus nerka 
(Sano, 1976). At present, H. salmonis 
is known to occur only in Washington 
State and Japan. It produces mortality 
in fry, but a causal relationship to the 
adult mortality has not been proved. 
Experimentally infected fish appear 
lethargic, but are intermittently 
hyperactive, exophthalmic, and darker 
in color. The abdomen is distended 
with ascitic fluid, and the musculature 
and internal organs are edematous. A 
marked anemia exists, and pathologic 
changes occur in the hepatic, 
hematopoietic, and pancreatic tissues. 
Since the virus has been recovered from 
both kidney tissue and ovarian fluid, it 
is assumed (but has not been experi- 
mentally demonstrated) that the virus 


can be transmitted horizontally and ver- 
tically. 

Classification in the herpesvirus 
group is based on electron microscopy 
and cytopathic effects in cell culture. 
The enveloped H. salmonis particle is 
estimated to be 175 nm in diameter and 
to have a 95-nm icosahedral capsid 
(Wolf et al., 1978). The optimum 
temperature for virus replication in cell 
culture is about 10°C, and the cyto- 
pathic effect is characterized by the 
production of syncytia and Cowdry 
Type A inclusions (Wolf, 1976). The 
virus replicates only in the salmonid 
cell lines (RTG-2, RTF-1, CHSE-214, 
KF-1). Further biophysical and bio- 
chemical characterization of H. sal- 
monis has yet to be accomplished. 


VIRAL ERYTHROCYTIC 
NECROSIS 


Recently, a condition designated 
viral erythrocytic necrosis (VEN) has 
been recognized in chum salmon, 
Oncorhynchus keta, and pink salmon, 
O. gorbuscha (Evelyn and Traxler, 
1978). The disease is similar, if not 
identical, to piscine erythrocytic necro- 
sis reported in several nonsalmonid 
marine species (Appy et al., 1976; 
Walker, 1971). Infected erythrocytes 
become rounded and undergo degenera- 
tive nuclear changes. Severe anemia re- 
sults and thus may predispose the host 
to secondary infection. 

Infected erythrocytes generally con- 
tain a single, round cytoplasmic inclu- 
sion. Although a virus has not been 
isolated, putative viral etiology has 
been supported by electron micro- 
graphs of infected erythrocytes and by 
efforts to transmit the disease (Evelyn 
and Traxler, 1978). Thin-section 
electron micrographs reveal seemingly 
enveloped particles 174 nm in diam- 
eter, with a 120-nm icosahedral capsid. 
On the basis of morphology, the agent 
has been tentatively assigned to the 
icosahedral deoxyribovirus group. The 
disease has been transmitted in chum 
and pink salmon by using filtered tissue 
extracts. Continued research is neces- 
sary to delineate the effects of VEN on 
fishes. 


CONTROL OF VIRUS 
DISEASES OF FISH 


Present efforts to control the spread 
of virus diseases include avoidance, 
disinfection of eggs and holding 
facilities, environmental manipulation, 
surveillance of hatcheries and their 
classification by disease status, and 
legislation to prevent the transportation 
of diseased fish (Amend, 1976). 
lodophor disinfection of eggs shows po- 
tential for controlling IHN and VHS 
(Amend and Pietsch, 1972), but appears 
less effective for controlling IPN (Bul- 
lock et al., 1976). Immunization is a 
possible method for controlling IHN, 
VHS, and IPN (Amend, 1976; Fryer et 
al., 1976; Jorgensen, 1976). Additional 
outbreaks of H. salmonis have not oc- 
curred, but monitoring continues. 
Methods for control of VEN have not 
been investigated. 
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Phosphonoacetic Acid Inhibition of 
Channel Catfish Virus Replication 


ROGER W. KOMENT 


The virus responsible for epizootic 
outbreaks of channel catfish disease 
was first isolated by Fijan et al. (1970) 
in cell cultures derived from ictalurid 
fish. Detailed characterization of this 
virus by Wolf and Darlington (1971) 
clearly indicated the assignment of 
channel catfish virus (CCV) to the her- 
pesvirus group of DNA viruses. Mem- 
bers of this diverse family of viruses are 
found throughout the phylogeny of the 
species, although presently only three 
representatives have been associated 
with teleost fish (Wolf, 1973; Wolf et 
al., 1976). The extent of parasitism 
shown by the herpesviruses ranges from 
persistent subclinical infections to la- 
tent virus infections (Rapp and Jerkof- 
sky, 1973) to neoplastic changes result- 
ing in malignancy (Biggs et al., 1972). 
Although several herpesviruses are 
capable of these multiple modes of 
virus-host interaction, the herpesvirus 
of channel catfish disease is known 
primarily for its direct, devastating ef- 
fects upon young populations of aqua- 
cultured catfish. The destruction of in- 
fected stock and decontamination of all 
facilities is currently the only means 
available to ensure complete eradi- 
cation of channel catfish disease out- 
breaks (Plumb, 1972). 

Few viruses to date, regardless of 
their taxonomic classification or that of 
their host, will respond to conventional 
chemotherapy. The herpesviruses are 
no exception. Recently, however, a 
chemical derivative of the simple 
molecule acetic acid has been shown to 


be effective in selectively inhibiting the 
replication in tissue culture of represen- 
tative herpesviruses (Barahona et al., 
1977; Duff and Overby, 1975; Huang, 
1975; Lee et al., 1976; May et al., 
1977; Overby et al., 1974; Summers 
and Klein, 1976; Yajima et al., 1976). 
This compound, termed phosphonoace- 
tic acid (PAA), functions specifically 
by inhibiting the herpesvirus coded 
DNA dependent DNA polymerase in its 
process of replicating virus DNA (Mao 
and Robishaw, 1975). In tissue culture 
systems, PAA will not significantly in- 
hibit cell polymerase activity , represen- 
tatives of single-stranded RNA virus 
groups, or other double-stranded DNA 
virus groups (Duff and Overby, 1975; 
Leinbach et al., 1976; Mao and Robi- 
shaw, 1975). Vaccinia virus, amember 
of the poxvirus group, was apparently 
an exception to this rule (Duff and 
Overby, 1975). In all cases, the effec- 
tive tissue culture dose of PAA which 
inhibited herpesvirus replication has 
been 100 ug PAA/ml or less. 

On the basis of this information, it 
was of interest to determine if CCV 
would show similar sensitivity to PAA. 
Increasing concentrations of PAA were 
prepared in overlay medium, and these 
were added to brown bullhead catfish 
(BB) cell cultures infected with a 
known quantity of CCV. In all experi- 
ments, the results indicated that greater 
than 95 percent inhibition of CCV rep- 
lication was obtained in the presence of 
1,000 wg PAA/ml. Viable cell counts 
as determined by trypan blue dye exclu- 
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sion at the beginning and end (72 hours 
postinoculation) of each experiment in- 
dicated there was no cell death due to 
drug toxicity. 

Dose dependency experiments indi- 
cated a direct relationship between the 
number of infectious virus particles in- 
fecting one cell and the amount of PAA 
required to inhibit virus replication. 
This concentration ranged from greater 
than 500 wg PAA/mlI for cultures with 
an input multiplicity of 0.01 plaque 
forming unit per cell to 2,000 ug 
PAA/ml for cultures with an input mul- 
tiplicity of 6.0 plaque forming units per 
cell. The toxicity level of PAA in BB 
cells was evident at 3,000 wg PAA/ml 
of culture medium. 

These results indicate that PAA is an 
effective and selective agent in the in- 
hibition of channel catfish virus replica- 
tion. The fact that 10 times the amount 
of drug required for other herpesvirus 
systems is necessary to inhibit CCV 
should not be surprising. To date, all 
herpesvirus-PAA systems reported 
have been of homeothermic mammals 
and birds. This report is the first concern- 
ing a herpesvirus of a poikilothermic 
species. One major implication of this 
work, therefore, is that the action of 
PAA may be dependent upon either 
temperature or, relatedly, the physiol- 
ogy and metabolic rate of the host cell. 
This is not unusual, as the mode of 
action of this drug is interference with 
the enzymes of viral DNA replication. 
Rate kinetics of the enzyme-substrate 
reaction are directly related to tempera- 
ture (Lehninger, 1970), and tempera- 
ture as such a catalytic mechanism has 
been shown to regulate many life func- 
tions in poikilothermic species (Swan, 
1974). 

Direct application of such tissue cul- 
ture data has been investigated for PAA 
and two human viruses—herpes 
simplex virus type | (HSV-1) and 
herpes simplex virus type 2 (HSV-2) 
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(Shipkowitz et al., 1973). When 
HSV-2 is inoculated into the denuded 
skin on the backs of CF strain mice, 
observable virus lesions are evident in 
3-5 days. In I1-I15 days, virus- 
inoculated mice develop a flaccid, 
posterior paralysis resulting in death 
within 24 hours. Topical application of 
PAA in ointment or aqueous form in a 
minimum concentration of 0.5 percent 
significantly reduced virus-induced 
mortality. Equally efficacious, oral 
administration of PAA at a minimum 
dosage of 800 mg/kg/day for 6 days 
resulted in 100 percent reduction of 
virus-induced mortality. Using HSV-|! 
in a rabbit keratitis model system, these 
same authors demonstrated that topical 
application of 0.5 percent PAA into in- 
fected eyes reduced virus-induced 
corneal lesions from 5 to 9 days after 
infection (Shipkowitz et al., 1973). 
PAA has been demonstrated to selec- 
tively inhibit the replication in tissue 
culture of many different herpesviruses 
of homeothermic hosts. In two reported 
instances, this compound has proved 
effective against herpesvirus-induced 
morbidity and mortality in animal 
model systems. Results herein re- 
ported indicate that the replication of a 
poikilothermic herpesvirus, CCV, can 
also be inhibited in tissue culture sys- 
tems. Logic dictates that oral prepara- 
tions of PAA in catfish feed next be 
tested to determine if this will sig- 
nificantly reduce the incidence of mor- 


talities resulting from experimental in- 
fection of fry with CCV. If successful, 
these data would suggest that PAA may 
be efficacious as a chemotherapeutic 
agent in the control of channel catfish 
virus disease. 
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Comments on Trends in Research 
on Parasitic Diseases 
of Shellfish and Fish 


VICTOR SPRAGUE 


This subject is arbitrarily limited in 
scope to the protozoa and in time to the 
past decade. It deals very briefly with 
recent developments in the biology and 
systematics of some protozoan groups 
that are significant as pathogens. More 
detailed reviews have recently been 
published by Couch (1978), Hazard 
and Oldacre (1976), Sindermann 
(1970), Sprague (1970a, b, 1971, 
1977), and Sprague and Couch (1971). 
The symposium edited by Snieszko 
(1970) contains numerous articles per- 
tinent to “‘fish health,’’ the two by 
Sprague being specifically cited above 
as being particularly relevant to this 
presentation. 


RECENT ADVANCES 
Amoebae 


In Crabs 


Only one amoeba is believed to be a 
serious mortality factor in shellfish. 
This parasite, Paramoeba perniciosa 
Sprague, Beckett, and Sawyer, 1969, 
was first reported and briefly described 
in 1966 by Sprague and Beckett who 
found it in the hemolymph of dead and 
moribund crabs, Callinectes sapidus, 
in Chincoteague Bay, Maryland and 
Virginia. These authors did not recog- 
nize the parasite as an amoeba at that 
time, but in a later note (Sprague and 
Beckett, 1968) assigned it to genus 
Paramoeba Schaudinn, 1896. 

The parasite occurs in the 
hemolymph of heavily infected crabs. 
Sometimes the body fluid of the host 
became milky white due to the presence 
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of enormous numbers of the parasites. 
As the number of parasites increases, 
the hemocytes decrease in number. 
Heavy infections may be accompanied 
by lysis of the skeletal muscles. 

Paramoeba perniciosa has been lim- 
ited to the higher salinity waters. It has 
been found most frequently in 
“‘peeler’’ crabs suffering heavy mor- 
talities in holding tanks, but has been 
found also in ‘‘hard’’ crabs collected in 
enzootic areas. Lunz (1968) found it 
associated with crab mortalities along 
the coast of South Carolina and Geor- 
gia. Sawyer (1968) gave preliminary 
data on the epizootiology and host- 
parasite relations. Newman and Ward 
(1973) reported a modest epizootic in 
Chincoteague Bay. Sawyer (1968) 
found the parasite in the blood only 
during mortalities, which occurred 
mainly in the spring. He postulated a 
cryptic tissue phase in the parasite’s life 
cycle during other parts of the year. 
Very recently, Johnson (1977) discov- 
ered the ‘‘cryptic phase’’ in the connec- 
tive tissues. She found that the parasite 
is present in these tissues at all seasons 
of the year and invades the circulating 
blood in the vessels only when the dis- 
ease is terminal. Johnson also trans- 
mitted the infection by inoculation, 
with fatal results to the inoculated 
crabs. 

The evidence that this amoeba is a 
very significant mortality factor in Cal- 
linectes sapidus is overwhelming, if 
largely circumstantial. The parasite has 
not been grown in pure culture, and its 
normal mode of transmission is un- 
known. 
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In Fish 


Only very recently, amoebae have 
become generally recognized as impor- 
tant mortality factors in fish. Some 
amoebae pathogenic to man also occur 
in fish. 

Disease conditions of epizootic 
proportions in rainbow trout on com- 
mercial trout farms of Italy and other 
European countries have been attrib- 
uted by Ghittino et al. (1977) to an 
amoeba. Epizootics associated with the 
same amoeba were reported by Fergu- 
son and McC Adair (1977) in Scotland 
and Ireland. It seems clear from these 
reports that an amoeba (apparently not 
yet identified) is a very important factor 
in widespread mortalities of trout in 
European fish farms. 

Taylor (1977) isolated amoebae from 
11 species of fish in the southeastern 
states. Among those isolated was 
Acanthamoeba _ polyphaga_ which 
Taylor regarded as the cause of a large 
kill, involving mainly blue tilapia, in 
Florida. This study has special interest 
because A. polyphaga is pathogenic to 
man. 

Sawyer et al. (1974) described 
Thecamoeba hoffmani from the gills of 
fingerling rainbow trout, coho salmon, 
and chinook salmon. They concluded 
that the species is essentially a free- 
living form, although it seems to be a 
contributory factor in mortalities. 


Microsporidia 
In Bivalve Mollusks 


Microsporidium sp. has been found, 
but not yet reported, by Brian Jones' in 
the visceral mass of Ostrea lutaria in 
New Zealand. This is the third species: 
known in bivalve mollusks. These 
species are not significant pathogens. 


‘Jones, B., Zoology Department, Victoria Uni- 
versity, Wellington, N.Z. 
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Figure |.—Ameson pulvis (Perez, 1905), spores, in muscle of green crab. 


In Crabs 


Microsporidia are common patho- 
gens of crabs and shrimp, mainly in the 
skeletal muscle. About a dozen species 
are now known in crabs, four of them in 
the muscles of the blue crab, Cal- 
linectes sapidus Rathbun. Three of the 
latter are rare, but one, Nosema 
michaelis Sprague, 1970a, is common, 
widely distributed, and lethal to its 
host; the impact on the host population 
has not been assessed. Nosema 
michaelis, being readily obtainable in 
great quantity, has become a useful ob- 
ject for studies on cytology of the para- 
site (Sprague et al. 1968; Weidner, 
1970, 1976; Weidner and Trager, 
1973) and on intracellular parasitism 
(Trager, 1974). This species was re- 
cently made the type of a new genus, 
now being Ameson michaelis (Sprague, 
1970) Sprague, 1977. One of the four 
species known in Callinectes, 
Thelohania sp. Johnson, 1972, is unde- 
scribed. The first two species of micro- 
sporidia reported in crabs, Thelohania 
maenadis Perez, 1904, and Nosema pul- 
vis Perez, 1905, both in the green crab 
Carcinus maenas (L.), were recently 
rediscovered, the first by Sprague and 
Vivares independently and the second 
by Vivares. Vivares (1975) has already 
published on the former, while Vivares 
and Sprague (in press) have redescribed 
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the latter, now Ameson pulvis (Perez, 
1905) Sprague, 1977 (Fig. 1). 


In Shrimp 


Nosema nelsoni recently became 
Ameson nelsoni (Sprague, 1950) 
Sprague, 1977. This species, originally 
found in the muscles of Penaeus az- 
tecus Ives, has now been identified in 
six species of penaeid shrimp. 
Thelohania macrocystis, in muscles of 
Palaemonetes varians, recently be- 
came Chapmanium macrocystis (Gur- 
ley, 1893) Hazard and Oldacre, 1976. 
Thelohania penaei, in ovary Penaeus 
setiferus (L.), recently became Agma- 
soma penaei (Sprague, 1950) Hazard 
and Oldacre, 1976. 

Quite recently, a relatively large 
number of new species have been dis- 
covered in shrimp. A new genus and 
new species, /nodosporus spraguei 
Overstreet and Weidner, 1974, was 
found in Palaemonetes pugio Holthius 
and P. kadiakensis. Pleistophora lin- 
toni Street and Sprague, 1974 was de- 
scribed in Palaemonetes pugio. Several 
undescribed species were found in pan- 
dalid shrimp sent to me from British 
Columbia by T. H. Butler. One of 
these, Thelohania sp. Vernick, 
Sprague, and Krause, 1977, in Pan- 
dalus jordani Rathbun, has been de- 
scribed by Johnston, Vernick, and 


Sprague (in press) as a new species 
(Fig. 2). Pleistophora penaei Con- 
stransitch, 1970 was found in commer- 
cial shrimp. Pleistophora crangoni 
Breed and Olson, 1977 was found in 
four species of Crangon. Some unde- 
scribed species have been listed by 
Sprague (1977). 


In Fish 


Microsporidia are very common in 
fish; over 100 species of fish are now 
known to be parasitized. Some micro- 
sporidia are also known to be serious 
mortality factors in fish. Delisle, 1972 
found massive mortalities of smelt, as- 
sociated with this parasite, in certain 
Canadian lakes. Glugea stephani 
(Hagenmuller, 1899) has been found 
by different investigators to be an im- 
portant mortality factor in young 
flatfish of different species. Sprague 
and Vernick (1968) found that 
Ichthyosporidium giganteum (Thélo- 
han, 1895), long treated as haplospo- 
ridium, is a microsporidium. This (or 
a very similar species) is not uncom- 
mon in “‘spot,’’ Leiostomus xanthurus 


Lacépede, in tributaries of the Chesa- 
peake Bay. It produces a very large 
abdominal swelling, usually in young 
fish, that probably kills the host. 


Haplosporidia 


There has been much interest in hap- 
losporidia during the past decade, 
mainly because they are very destruc- 
tive pathogens of oysters. This has led 
to the discovery of a few new species, 
much better understanding of the 
group, and new ideas on classification. 


In Bivalve Mollusks 


Perkins (1968, 1969) and Rosenfield 
et al. (1969) have contributed much to 
our understanding of haplosporidia by 
making the first electron microscope 
studies on some typical forms—those 
familiar species in Crassostrea vir- 
ginica (Gmelin). 

Minchinia armoricana van Banning, 
1977, was found in the European flat 
oyster, Ostrea edulis. This is the only 
known haplosporidian that has tails on 
its spores like those seen in the type 
species M. chitonis (Lankester, 1885). 
Sprague (1970c) suggested that pres- 
ence or absence of these tails be used as 
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the basis for distinguishing Minchinia 
Labbé, 1896 from Haplosporidium 
Caullery and Mesnil, 1899. 

Two species of a previously unfamil- 
iar kind have been found in association 
with oyster mortalities. They are 
Marteilia refringens Grizel et al., 1974 
(type species), in the European flat oys- 
ter Ostrea edulis L., and M. sydneyi 
Perkins and Wolf, 1976, in the Austra- 
lian oyster, Crassostrea commercialis. 
Perkins (1976a) suggested that they are 
related to the haplosporidia, mainly be- 
cause they have ‘‘haplosporosomes.”’ 


In Decapods 


“‘Minchinia sp.’’ Marchand, 1974, 
was found in the mud crab, Rhithro- 
panopeus harrisii, in France. Plas- 
modia of a haplosporidian were found 
by Newman et al. (1976) in Callinectes 
sapidus from Virginia and North 
Carolina. 


Myxosporidia 


New species are frequently added to 
the long list of myxosporidian species 
in fish. Most are not noted for 
pathogenicity, but one highly patho- 
genic form, Myxosoma cerebralis 
(Hofer, 1903), has been the object of 
many recent studies. An interesting 
species recently described is Unicap- 
sula pflugfelderi Schubert, Sprague, 
and Reinboth, 1975. It has spores with 
two rudimentary polar capsules, as well 
as the fully formed one that is charac- 
teristic of the genus. Another species, 
interesting because it infects an impor- 
tant sport fish, is Henneguya sp. 
Meyers, Sawyer, and MacLean, 1977, 
in the heart of the bluefish, Pomatomus 
saltatrix (L.). 


Protista Incertae Sedis 


An unidentified parasite with vague 
resemblance to the Coccidia was re- 
cently found by Peter Wolf (1977) in 
ova of the blacklipped oyster, Cras- 


sostrea echinata, from Australia. 
Another unidentified protist was found 
in the digestive epithelium of the pearl 
oyster, Pinctada maxima, in Australia 
(Wolf and Sprague, 1978). 

A parasite in spleen and liver of rain- 
bow trout, causing epizootic disease in 
England, was recently sent to me by 


Figure 2.—Thelohania sp. Vernick et al., 1976, various sporulation stages, 
in muscle of the shrimp Pandalus jordani. Bouin, section, Heidenhain; 


1,300 x. 


John Finlay? for identification. I noted a 
resemblance to intracellular stages of 
Hexamita but, being unable to make 
positive identification, sent the slides to 
Glenn Hoffman. At first, Hoffman* 
suspected the parasite might be identi- 
cal with the amoebae reported by Ghit- 
tino et al. (1977), but after further con- 
sideration, he doubted that it is an 
amoeba. The identity of the parasite 
remains undetermined. 


CLASSIFICATION 


Some minor changes in classifica- 
tion, particularly the transfer of some 
microsporidian species to new genera, 
have already been mentioned. One of 
the most spectacular of the minor de- 
velopments in recent years was the 
finding by Perkins (1976b) that the 
flagellated zoospore of Dermocys- 
tidium marinum Mackin, Owen, and 
Collier, 1950 has an apical complex. 
This led Perkins to conclude that the 
parasite, long regarded as a fungus, is 
related to the Coccidia. 


Finlay, J., Fish Diseases Laboratory, Ministry 
of Agriculture, Fisheries and Food, The Nothe, 
Weymouth, Dorset, England DT4 8UB. 

3 Hoffman, G. A., Fish Farming Experimental Sta- 
tion, U.S. Fish and Wildlife Service, Stuttgart, 
AR 72160. Pers. commun. 


Drastic changes are taking place in 
the classification of the higher 
categories of protozoa, since recent ad- 
vances in knowledge indicate that the 
old phylum Protozoa is an artificial as- 
semblage of several phyla. A **Com- 
mittee on Classification and Nomencla- 
ture’’ of the Society of Protozoologists, 
headed by N. D. Levine, is making a 
revision. Microsporidia, haplo- 
sporidia, myxosporidia, and some 
other groups will probably become 
distinct phyla, as ciliates have already 
done. Classification of microsporidia 
probably will be based on that of 
Sprague (1977). Classification of hap- 
losporidia will probably include a 
major new taxon to include Marteilia. 
Myxosporidia are now considered by 
many protozoologists to be metazoa 
with coelenterate affinities, but they 
will probably remain for awhile in the 
system of the protista. 

This is a convenient occasion to take 
specific action upon my previous 
(Sprague, 1970c) suggestion and trans- 
fer from genus Minchinia Labbé, 1896 
to Haplosporidium Caullery and Mes- 
nil, 1899 species which, like the type 
species H. scolopli Caullery and Mes- 
nil, 1899, have spores without tails. 
Accordingly, Minchinia louisiana 
Sprague, 1963b becomes Haplo- 
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sporidium louisiana (Sprague, 1963b) 
comb. n. and M. nelsoni Haskin, 
Stauber, and Mackin 1966 becomes H. 
nelsoni (Haskin et al., 1966) comb. n. 
Other species which Sprague (1963a: 
265-266) transferred (for reasons later 
found to be invalid) from Haplo- 
sporidium to Minchinia are now re- 
turned to Haplosporidium. 
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Susceptibility Studies of Various 
Salmonids to Whirling Disease: 
Histological Staining and Spore 
Concentration Procedures 


JOSEPH O’GRODNICK 


Since 1968, research on the trans- 
mission, life history, and control of 
whirling disease in trout has been con- 
ducted by the Pennsylvania Fish Com- 
mission. Whirling disease is caused by 
a myxosporidian parasite, Myxosoma 
cerebralis, which invades and destroys 
cartilage of susceptible salmonid 
species. The parasite was introduced 
into the United States from Europe and 
has been established as a persistent 
hatchery disease in several areas. 

Affected fish exhibit rapid, tail chas- 
ing behavior from the disintegration of 
the cartilaginous support skeleton of the 
organs of equilibrium. Also, severe 
crippling may result from destruction of 
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the spinal skeleton if fish are exposed as 
fry. ‘‘Blacktail,’’ which is caused by 
pressure on the nerves that control the 
caudal pigment cells, may be seen in 
some fish. 

In this research, two methods were 
used to monitor the development of the 
whirling disease parasite in various 
salmonid species: 1) examination of 
histological sections, and 2) quantita- 
tive estimates of spores determined by 
the use of the plankton centrifuge pro- 
cedure (Fig. 1). (This method involves 
homogenization of head skeletons, 
screening out tissue shreds, and 
concentrating with a continuous plank- 
ton centrifuge. 

The life cycle of Myxosoma cere- 
bralis was monitored in rainbow trout 
(highly susceptible species) and brown 
trout (highly resistant species) by the 
examination of histological sections. 
Tissues were prepared from infected 





Figure |.—The plankton centrifuge. The 
centrifuge removes water through the cen- 
trifugal force created by the revolving 
drum. The excess water is carried away 
through a rubber tube situated below the 
drum. Solid particles are deposited on the 
wall of the revolving drum. 


fish at given intervals, averaging 3 days 
from initial exposure to the develop- 
ment of spores at 120 days. The follow- 
ing staining methods were used in the 
study: |) Hematoxylin and Eosin, 2) 
Mallory Heidenhain (Casson- 
Modification), 3) Wright’s stain, and 4) 
Ziehl-Neelson (acid fast staining for 
spores). 


Marine Fisheries Review 





Figure 2.—Trophozoites of Myxosoma 
cerebralis developing in rainbow trout 
cartilage 35 days postexposure. Mallory 
Heidenhain (Casson-Modification); 
225 X. 


Figure 3.—Mature spores of Myxosoma 
cerebralis in rainbow trout cartilage 
Wright’s stain. 225 x. 


October 1978 


The study revealed the following 
sequence of events in rainbow trout tis- 
sue. The trophozoite stage (Fig. 2) was 
first observed at 20 days postexposure. 


No definite parasitic stage was ob- 
served prior to invasion of the cartilage 
at 20 days. There was rapid prolifera- 
tion of the multinucleated trophozoites 
by numerous divisions for 70 days—90 
days from initial exposure. At 90 days, 
the trophozoites began the transforma- 
tion to the spore stage of the life cycle 
(pansporoblast stage). A connective 
tissue network began to surround the 
developing spores, and mature spores 
(Fig. 3) were seen at 120 days. The fish 
in this study were reared at 11°C water 
temperature. 

The brown trout study revealed a 
similar development of Myxosoma 
cerebralis, but very few parasitic le- 
sions were observed. There appeared to 
be some disintegration of active 
trophozoites 60-90 days after initial ex- 
posure. There were also many tissue 
eosinophils present in surrounding 
connective tissue of infected brown 
trout. These cells were also observed in 
control fish tissue sections. Spores de- 
veloped in smaller pockets in brown 
trout cartilage and were difficult to find 
in histological sections. 

A study of the relative susceptibility 
of various salmonids to whirling dis- 
ease was conducted during 1975 and 
1976. In 1975, fingerlings of four dif- 
ferent salmonids were exposed to whirl- 
ing disease for a 60-day period and then 
reared in uncontaminated water until 
spores developed at 160 days. Samples 
were run in five pools of five fish each 
(25 heads) for the plankton centrifuge 
technique and five fish (25 slides) for 
the histologic section technique. Table 
| contains the results of the 1975 study. 

In 1976, salmonid fry were exposed 
for 3 days to whirling disease and then 
reared in spore-free water until spores 
developed at 160 days. Samples were 


Table 1.—Susceptibility of four species of salmonid 
fingerlings exposed to whirling disease for 60 days as 
assessed by histologic and plankton centrifuge tech- 
niques. 

Plankton 
centrifuge 
average no 
of spores 
per head 
(25 heads) 
Rainbow trout Not done 404,800 
Brook trout 3 47.336 
Brown trout Not done 784 
Coho salmon 0 0 


Histology: no. of 
positive slides 


Species (5 fish/25 slides) 


Table 2.—Susceptibility of seven species of salmonid 
fry exposed to whirling disease for 3 days as assessed 
by histologic and plankton centrifuge techniques. 
Plankton 
centrifuge 
average no 
of spores 
per head 
(25 heads) 


1,619,156 
552,150 


Histology: no. of 
positive slides 


Species (5 fish/25 slides) 


Rainbow trout 100 
Brook trout 56 
Brown trout 8 
Lake trout 0 
Kokanee salmon 100 
Chinook salmon 20 
Coho salmon 0 


Accidental loss, only one pool run 


run as in 1975. Table 2 contains the 
results of the 1976 study. 

The development of Myxosoma 
cerebralis varied extensively in the 
salmonids studied. Under controlled 
conditions, brown trout, lake trout, and 
coho salmon (which exhibited little or 
no evidence of spores) did not develop 
characteristic whirling disease signs. 
Rainbow trout, brook trout, kokanee 
salmon, and chinook salmon did de- 
velop whirling disease, exhibiting clin- 
ical signs of disease. Since whirling 
disease can cause substantial losses in 
some hatcheries, resistant species may 
be reared to sustain production in areas 
where Myxosoma cerebralis is en- 
demic. 

Recent studies have revealed that 
species other than salmonids may be 
carriers of the whirling disease parasite. 
We have found similar sporozoan para- 
sites in cartilage of suckers and in brain 
tissue of creek chubs. 


MFR Paper 1341. From Marine Fisheries Review, Vol. 40, No. 10, October 
1978. Copies of this paper, in limited numbers, are available from D822, User 
Services Branch, Environmental Science Information Center, NOAA, Rockville, 
MD 20852. Copies of Marine Fisheries Review are available from the Superin- 
tendent of Documents, U.S. Government Printing Office, Washington, DC 


20402 for $1.10 each. 





MFR PAPER 1342 


Some Protozoan Diseases of 
Decapod Crustaceans 


THOMAS K. SAWYER and SHARON A. MacLEAN 


Decapod crustaceans of commercial 
value such as the blue crab, Callinectes 
sapidus, and the American lobster, 
Homarus americanus, have received 
considerable attention in recent years 
because of their economic value. 
Studies on environmental and nutri- 
tional factors which affect commercial 
yields invariably call attention to the 
role of diseases in the success or failure 
of the industry. The development of 
new and sophisticated research 
techniques has stimulated many inves- 
tigators to redescribe disease entities at 
the cellular and molecular level, and to 
propose major revisions for poorly un- 
derstood microorganisms. Thus, the 
health of fish and shellfish has become a 
matter of concern to a growing constit- 
uency. 

In this paper, we will attempt to con- 
dense the present status of several im- 
portant protozoan parasites of decapod 
crustaceans into a brief summary of 
species which are deserving of con- 
tinued investigation. We also include a 
limited discussion of the role of sessile 
free-living peritrich and suctorian 
ciliates as fouling organisms of several 
crustacean species. It is not our intent to 
provide a bibliographic overview of the 
species of protozoans that are included 
here, but rather to summarize some of 
our current research activities, includ- 
ing our findings with decapods which 
are not of significant commercial value. 

The discovery of ‘‘gray crab’’ dis- 
ease in the blue crab, C. sapidus, by 
Sprague and Beckett (1966) probably 
represents the most interesting and re- 


i 


markable crustacean host-parasite rela- 
tionship to be recognized in recent 
years. The authors first observed aber- 
rant cells in the hemolymph of affected 
crabs and suggested that the extraordi- 
nary cells possibly were infected by a 
virus. This was suggested because, in 
addition to a typical nucleus, a DNA- 
rich body was always in juxtaposition 
to the unremarkable nucleus. 

Shortly after publication of the first 
report, the authors (Sprague and Beck- 
ett, 1968) noted that a free-living 
amoeba, Paramoeba eilhardi Schau- 
dinn, 1896, was described to accom- 
modate a new genus of Amoebida that 
was characterized by an enigmatic sec- 
ondary nucleus or ‘‘Nebenkorper.”’ 
Cooperative studies subsequently were 
initiated in which P. eilhardi and the 
blue crab organism were cultured in 
vitro under identical conditions, and the 
latter species was cultured further in a 
complex series of media (Sprague et 
al., 1969). The apparent inability of the 
blue crab organism to survive under any 
of the test conditions suggested that 
perhaps it was a new and different 
species. The name Paramoeba per- 
niciosa (Sprague et al., 1969) subse- 
quently was established to characterize 
the new species of Paramoeba (Fig. 1). 
Shortly thereafter, Page (1970) created 
P. aesturina and P. pemaquidensis to 
accommodate two new free-living 
species which he discovered in Maine. 
The genus Paramoeba now shares with 
Naegleria and Acanthamoeba the dis- 
tinction of having been proposed origi- 
nally to accommodate free-living 
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amoeba, and found subsequently to in- 
clude species capable of causing death 
in naturally infected hosts—the latter 
two genera affecting only vertebrates. 
The mode of infection by P. perniciosa 
and the origin and function of the 
‘**Nepenkorper’’ remain to be discov- 
ered. Broader treatment of research and 
more extensive literature citations on 
Paramoeba may be found in publica- 
tions by Sawyer et al. (1970) and John- 
son (1977). Published accounts of Par- 
amoeba infection in decapods recently 
have established the rock crab, Cancer 
irroratus, and the lobster, Homarus 
americanus, as additional host animals 
(Sawyer, 1976). 

A parasitic dinoflagellate, Hemato- 
dinium perezi, also may be considered 
an enigmatic parasite of decapods. 
Originally identified from hemolymph 
in two species of crabs, Carcinus 
maenas and Portunus depurator, it 
eventually was placed in the dinoflagel- 
late family Blastodidiidae by Chatton 
and Poisson (1930) who described its 
principal diagnostic features. Although 
the original investigators made particu- 
lar mention of the small numbers of 
diseased crabs in the collections, 
Newman and Johnson (1975) found up 
to 30 percent of C. sapidus to be in- 
fected in collections made in the fall of 
the year. More recently, H. perezi was 
found in C. irroratus, the Jonah crab, 
Cancer borealis, and the lady crab, 
Ovalipes ocellatus, all taken in near- or 
offshore waters of the northeastern At- 
lantic Ocean (MacLean and Ruddell, 
1978). The dinoflagellate parasitizes 
infected hosts by an unknown mode of 
entry; the dinospore stage of H. perezi 
remains to be discovered and de- 
scribed. The correct identification of 
the dinoflagellate in tissue sections of 
decapods is critical because the his- 
tological appearance may resemble a 
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Figure |.—Paramoeba perniciosa in hemal spaces of the 
hepatopancreas of Cancer irroratus. Harris hematoxylin-eosin; 


640 x. 


possible neoplastic condition (New- 


man, 1970). Continued research on H. 
perezi is necessary to clarify the status 
of all life cycle stages and the conclu- 
sive systematic position of the parasite. 
The organism may be well-suited for 
studies which employ immunological 
and in vitro culture techniques. 
Unidentified gregarines have been 
found in the hindgut of C. irroratus. 
The parasites have been observed only 
in stained tissue sections, but should be 


dissected in situ from affected tissues of 


infected animals. An excellent account 
of gregarines in decapod species is 
given by Ball (1951) who carefully de- 
scribed and illustrated several new 
species. We are indebted to Phyllis 
Johnson for suggesting the use of the 
PAS procedure for the recognition of 
parasites in histological sections. After 
such staining, the parasites appear 
bright purple-red and are not likely to 
be confused with other parasites or tis- 
sue elements. This procedure provided 
excellent visualization of a large gre- 
garine, possibly Porospora gigantea, 
in the hindgut of American lobsters. 
The junction between the protomerite 
and deutomerite and the details in in- 
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Figure 2. 


terphase nuclei were exceptionally 
clear in longitudinal or saggital sections 
of paired syngyns. The life cycle of P. 
gigantea involves mussels during asex- 
ual phases of development, and surveys 
for the presence of growth stages of the 
gregarine in naturally infected hosts de- 
serve continued effort. Our observa- 
tions on gregarines have been made 
only during histological surveys of 
selected tissues, and little is known of 
the prevalence of the parasites in the 
decapod hosts. Several authors have 


suggested that heavy infestations of 


adult gregarines may interfere with the 
normal functioning of the digestive 
tract. Our limited histological studies 
have not shown any obvious effects on 
the health of parasitized individuals, 
but further research, possibly with ex- 
perimentally infected animals, is 
worthy of consideration. 

Infections of decapods by members 
of the Cnidospora are encountered in 
natural populations of decapods and are 
especially amenable to study by elec- 
tron microscopy. We have observed a 
possible microsporidan infection in C. 
irroratus, but material so far collected 
has not been suitable for definitive iden- 


Stalked ciliate (Acineta sp.) attached to gill epicuticle of 
Cancer irroratus. Harris hematoxylin-eosin; 640 x. 


tification of the parasite. Exceptionally 
small, spherical parasites have been 
found in gill epidermal cells and in 
large nephrocytes; in one specimen, 
several large plasmodiumlike struc- 
tures filled with small nuclei were 
found in the shaft of a single gill. We 
cannot provide a meaningful discussion 
of possible cnidosporan parasites of 
decapods at present because our survey 
results are only preliminary. A recent 
publication by Sindermann (1977) will 
serve as a useful starting point for inves- 
tigators who are specifically interested 
in this important group of parasites. For 
the present, it should be sufficient to 
call attention to the fact that the 
taxonomy and systematics of this group 
are undergoing constant revision, espe- 
cially as new ultrastructural observa- 
tions are reported. Sindermann (1977) 
provides references to several micro- 
sporidan infections (Nosema, Pleis- 
tophora), and one possible haplospor- 
idan (Minchinia?) in his recent book. 
There is an obvious need for extensive 
studies concerning this group. 
Peritrich and suctorian ciliates are 
well-recognized epibionts on body sur- 
faces of most aquatic animals. Simi - 





larly, nonstalked ciliates identified as 
Anophrys, Synophrya, Hyalophysa, 
and others which occur as endopara- 
sites in decapods have been described 
or redescribed in recent publications. 
We will discuss the stalked forms that 
have been observed in remarkably large 
numbers on gills of crabs and lobsters, 


and then summarize our knowledge of 


the parasitic forms. Histologic sections 
of gills of approximately 600 C. ir- 
roratus and 200 H. americanus have 
been examined to date, and all of the 
animals have been collected in the vi- 
cinity of Sandy Hook Bay, N.J., and 
Ambrose Light in the New York ship- 
ping channel. Undetermined species of 
suctorians, Ephelota and Acineta, and 
peritrichs which resemble Orboper- 
cularia are gill epibionts throughout all 
seasons of the year. Occasionally, we 
have counted up to 300 peritrichs or 500 
suctorians (Acineta) on one histological 
section of crab gill, and somewhat 
smaller numbers of lobster gills. Also, 
without exception, the higher counts 
are obtained from animals taken from 
the bay stations. We have not yet at- 
tempted to make precise identifications 
because fairly lengthy procedures are 
required to obtain silver-impregnated 
specimens, and, as with the Cnido- 
spora, ciliate taxonomy and systema- 
tics are undergoing extensive revisions. 
Recent descriptions of many ciliate 
species incorporate transmission and 
scanning electron microscope tech- 
niques in addition to the more classical 
silver-impregnation techniques. Con- 
sequently, modern approaches to ciliate 
taxonomy often are beyond the capabil- 


ity of many laboratories. Our report of 


the occurrence of a suctorian, Ephelota 
sp. (Sawyer et al., 1976) on crustacean 
gills was limited to a generic identifica- 
tion because most species within the 
genus need redescription. In our study, 
gill surfaces were found to be a new 
substrate for the suctorian, and we 
suggested that even in an area of recog- 
nized high pollution an adequate food 
web was present to support a predatory 
species. Peritrichs feed on bacteria, 
while suctorians feed on protozoa, al- 
gae, diatoms, and other larger micro- 
organisms. Although convincing data 
yet has not been published, it has been 


suggested that large numbers of sessile 
ciliates may influence the respiratory 
activity of infested hosts (Fig. 2). 

The occurrence of parasitic ciliates in 
tissues and blood spaces of decapods 
has been of interest since the late 
1800°s. Grimes (1976), Johnson and 
Bradbury (1976), and Sindermann 
(1977) have provided descriptive ac- 
counts of the parasitic species and the 
effects on their hosts in a variety of 
decapods. Until recently, we were con- 
cerned about the obvious absence of 
such species in decapod crustaceans 
examined in our studies. Johnson and 
Bradbury (1976) reported that apos- 
tome ciliates occurred frequently in 
specimens that were collected from 
offshore waters and rarely in those col- 
lected close to shore and in estuaries. 
The authors emphasized the fact that 
nearshore waters ranged in salinity 
from 15 to 35 ppt, while offshore wa- 
ters ranged from 35 to 36 ppt. Most of 
our animals were from nearshore sta- 
tions, and parasitic ciliates rarely were 
noted. These observations agree with 
those of Johnson and Bradbury (1976). 
The possibility that salinity may be a 
barrier to the spread of certain parasitic 
ciliate infections should be studied 
further in the laboratory where salinity 
may be varied. We are continuing our 
studies on the distribution and numeri- 
cal abundance of ciliate epibionts in 
areas distant from our present sampling 
areas in order to obtain further data. 
Preliminary observations suggest that 
water depth may be limiting ciliate 
abundance, due in part to the scarcity of 
suitable food organisms with increasing 
water depth. Research on the role of 
ciliate species in the marine environ- 
ment and in crustacean health is just 
beginning to receive attention by North 
American investigators. More research 
is needed for a better understanding of 
the roles of these organisms in nutrient 
cycling and the pathogenesis of dis- 
ease. 

The identification of ciliate genera 
and species is limiting for most inves- 
tigators who do not have adequate re- 
search facilities and technical assis- 
tance. Meaningful research findings on 
ciliate-decapod interactions should not 
remain in laboratory files simply be- 


cause their specific identification is 
beyond the capability of the inves- 
tigator. Such observations should be 
published and supported by quality line 
drawings or photomicrographs. Excel- 
lent publications on ciliate systematics 
have been published by Borror (1973) 
and Corliss (1974, 1975) and should be 
consulted as problems of identification 
occur. Sprague and Couch (1971) have 
published a comprehensive bibliog- 
raphy on protozoan parasites of deca- 
pods which should be reviewed before 
it is decided to publish observations on 
ciliate species whose identity is beyond 
the capability of the investigator. 

In summary, it is becoming apparent 
that many protozoans of decapod crus- 
taceans which have been described 
primarily in very old literature are being 
rediscovered. Many original descrip- 
tions of genera and species were made 
prior to the advent of electron micros- 
copy, phase contrast microscopy, and 
specialized staining procedures such as 
the Feulgen reaction, and are in need of 
careful redescription. Renewed interest 
in parasites such as Paramoeba, 
Hematodinium, Pleistophora, and 
others is providing valuable new infor- 
mation to investigators in a wide variety 
of research disciplines. Recent years 
have testified to the importance of accu- 
rate descriptions of numerous parasitic 
species, especially when previously 
unexplained mortalities occurred in 
natural and laboratory-reared stocks. 
Until recently, most comprehensive ac- 
counts of parasites and parasitic dis- 
eases of decapod crustaceans dealt only 
with those animals which are of com- 
mercial value. Studies of noncommer- 
cially important crustaceans presently 
are receiving increased interest because 
we are becoming concerned with man- 
induced impacts on previously un- 
stressed environments, and because 
previously underutilized animals are 
becoming commercially valuable. 
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The Principal Parasitic Diseases 
of Warm-Water Fishes 


W. A. ROGERS 


Parasitic diseases of fishes are usu- 
ally encountered more often than mi- 
crobial diseases. From 30 to 50 percent 
of the cases received at several fish dis- 
ease diagnostic labs involve parasites. 

Host reaction to parasitic invasion is 
highly variable. The severity of a 
parasite epizootic may be related to 
environmental factors, host condition, 
age, size, and population density. 
Some species that may be considered 
commensals become pathogenic under 
certain conditions, but most obligate 
parasites are pathogenic and some, 
such as the ciliated protozoan /chthy- 
ophthirius, cause great losses. Many 
helminths such as the digenean grubs 
appear to be only slightly or moderately 
pathogenic but destroy the aesthetic 
value of fish. 

Many consider the protozoans to be 
the most important group of parasites 
affecting fish. Fish culturists through- 
out the world report great losses caused 
by protozoans. The most devastating 
fish parasite is the ciliated protozoan 
Ichthyophthirius. **Ich’’ is an obligate 
parasite infecting the skin and gills of 
fish and causing excess mucus produc- 
tion and hyperplasia of the epithelium. 

Research has demonstrated that fish 
will develop an immune response to 


‘‘Ich’’ infections. 

Several other ciliates such as 
Chilodonella, Trichodina, Anbiphrya, 
and Epistylis can cause mortality under 
certain conditions. Flagellates such as 
Costia and Bodomonas often cause 
mortality but are fairly easy to control 
with an external treatment. 

Henneguya is a Cnidosporidan 
commonly infecting catfish. Several 
different forms occur in the gills and 
skin with an interlamellar form reported 
to cause extensive mortality in very 
young fish. 

Several species of Pleistophora, a 
microsporidian, occur in fish, one of 
which occupies the ovary of golden 
shiners and can cause sterility. Older 
fish have a much heavier infection rate 
and more ovary damage, but a 
technique using l-year-old brood fish 
has practically eliminated the problem 
of sterility. 

Some genera of monogenetic tre- 
matodes can build up large populations 
under intensive culture situations, but 
they are not considered to be a serious 
threat to fish in North America. 

Two groups of digenetic trematodes 
occur in fish: adults normally living in 
the gastrointestinal tract, and larval 
forms, metacercaria, or grubs living in 
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the tissues. The eye grub, Diplos- 
tomum, attacks the lens of the eye caus- 
ing blindness, while white grubs, black 
grubs, blackspot, and yellow grubs af- 
fect mainly the aesthetic value of the 
fish. There are no controls known for 
the tissue-inhabiting larval forms. 

Cestode pleurocercoids of the bass 
tapeworm live in visceral organs of bass 
and commonly migrate through ovaries 
causing sterility. One approach we 
have taken requires replacement of 
brood fish about every 3 years to man- 
age around the problem of sterility by 
maintaining a low intensity of infec- 
tion. Earlier attempts to rid fish hatch- 
eries of the bass tapeworm by disinfect- 
ing the ponds and restocking both brood 
and forage fish were unsuccessful as the 
fish would show a reinfection within a 
year after restocking. Corallobothrium 
is a tapeworm sometimes found in great 
numbers in the intestine of channel 
catfish. Litthe apparent damage is 
caused by this worm, and it has been 
easily controlled using tin compounds 
in the feed. 

Nematodes in the gastrointestinal 
tract are not considered detrimental, but 
tissue-inhabiting forms can seriously 
affect the fish population. Philometra is 
a nematode commonly found behind 
the eye of centrarchids, and up to 40 
percent of some reservoir populations 
in the Southeast have been affected. 

Crustaceans are one of the main 
groups of detrimental parasites, espe- 
cially the anchor worm that has both an 
adult and a parasitic larval stage that 
feeds on the fish. 


MFR Paper 1343. From Marine Fisheries Review, Vol. 40, No. 10, October 
1978. Copies of this paper, in limited numbers, are available from D822, User 
Services Branch, Environmental Science Information Center, NOAA, Rockville, 
MD 20852. Copies of Marine Fisheries Review are available from the Superin- 
tendent of Documents, U.S. Government Printing Office, Washington, DC 
20402 for $1.10 each. 


Marine Fisheries Review 





MFR PAPER 1344 


Trypanorhynch Infections in the 
Flesh of Sciaenid Fishes 


ROBIN M. OVERSTREET 


‘*‘Wormy’’ marine fish often result 
from parasitism by trypanorhynch 
plerocercoid larvae. These cestodes in- 
fect elasmobranchs as final hosts; 
species using teleosts as intermediate 
hosts presumably are always or most 
often transmitted to those fishes by 
crustaceans. Distinctive because of their 
four eversible, hooked tentacles on the 
scolex, the worm proper of many 
species is often enveloped by a thin 
membrane and a protective blastocyst. 
Usually, the blastocyst and encysted 
organism appear chalky-white or yel- 
lowish, folded or twisted, and rela- 
tively large and elongated or small and 
spherical. When one end of a blastocyst 
is enlarged, it usually contains the 
scolex with its organs of attachment and 
presumptive germinal region. 

Identification of species may consti- 
tute a problem. Many infections have 
not been reported; some species cannot 
be associated with known adults and 
suggest undescribed species; charac- 
teristics of many are difficult to inter- 
pret; and different species may possess 
similar diagnostic features. 

Along the coasts of the northeastern 
United States and northern Gulf of 
Mexico, several commercial, sport, 
and seldom-utilized fishes harbor 
trypanorhynchs. At least eight of these 
cestode infections are restricted to the 
flesh, whereas many more than that 
number occasionally infect flesh, but 
typically inhabit the viscera of fishes or 
tissues of invertebrates. Often rather 
specific to both host and site within the 
host, a trypanorhynch can be extremely 
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displeasing to fishermen and consumers 
if it is visible or involves edible flesh. 
Consequently, numerous fish posses- 
sing a cestode parasite harmless to man 
are discarded and wasted. In the North- 
east, trypanorhynchs occur in but- 
terfish, bluefish, hake, winter flounder, 
Atlantic mackerel, swordfish, and other 
fish in addition to sciaenids; whereas in 
the Gulf, at least amberjacks, crevalle 
jack, sea catfish, bluefish, and red 
grouper harbor infections in addition to 
sciaenids. Some of these worms are 
presently under study (T. Mattis and R. 
Overstreet, Gulf Coast Research 
Laboratory). 

Several trypanorhynchs infect sci- 
aenid fishes in the northern Gulf of 
Mexico. Pseudogrillotia pleistacantha 
occurs in large black drum and perhaps 
infects other drums as well. Pteroboth- 
rium lintoni infects southern kingfish, 
and P. heteracanthum infects the At- 
lantic croaker and other hosts. An un- 
identified abothriate species suspected 
to be a trypanorhynch infects the Atlan- 
tic croaker and spotted seatrout, and a 
few other trypanorhynchs infect sci- 
aenids only infrequently. The most pre- 
valent flesh-infecting trypanorhynch 
in the northern Gulf, Poecilancistrium 
caryophyllum (Fig. 1, 2), infected 6 of 
the 10 sciaenids examined from Missis- 
sippi and also occurred in other sci- 
aenids from other regions in the Gulf 
and along the U.S. Atlantic seaboard. 
Spotted seatrout, silver perch, and red 
drum comprise the most prevalent hosts 
in Mississippi. 

The relationship between Poecilan- 
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cistrium caryophyllum and the spotted 
seatrout is now known in considerable 
detail (Boertje, 1976; Overstreet, 1977; 
Schlicht and McFarland, 1967). Based 
on my studies, roughly 40 percent of 
the examined seatrout from Texas, 
Louisiana, and Mississippi possessed 
an average of about two worms; 
whereas, values for infections in sea- 
trout from Apalachee Bay, Fla., were 
about twice as high, and those from 
Tampa Bay, Fla., much less than from 
the more western localities. Plerocer- 
coids most often involved the middle of 
a fillet or the region adjacent to the 
vertebral column immediately below 
the dorsal fins, making them clearly 
visible to one filleting the fish. Even 
though no clear seasonality for the in- 
fections occurred in Mississippi, preva- 
lence seemed to relate nonlinearly with 
salinity. Prevalence, but not intensity, 
also increased with increasing host- 
length. This finding, plus a relatively 
close fit of the negative binomial dis- 
tribution to data of observed frequen- 
cies, suggests an immune response to 
challenge infections. Infections appear 
to last at least 1-3 years. No fish less 
than 140 mm SL and few less than 250 
mm possessed infections. The paucity 
of infections suggests either unavail- 
ability of the intermediate host, or a 
case of direct death or weakening and 
resulting predation of young, infected 
seatrout. The worm does not seem to 
affect the growth of older fish. Condi- 
tion coefficients and relative liver 
weights for the more heavily infected 
fish did not differ significantly from 
those for less infected fishes. 
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Figure |.—Five blastocysts of Poecilancistrium caryophyllum in a Figure 2.—A plerocercoid larva of Poecilancis- 
filleted spotted seatrout (from Overstreet, 1977). trium caryophyllum removed from enlarged por- 
tion of a blastocyst shown in Figure 1. 
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Larval Nematodes Parasitic 
in Shellfish 


THOMAS C. CHENG 


There has been an increased interest 
in the parasitology of marine mollusks 
in recent years, especially pertaining to 
those species that are of economic im- 


portance. From the standpoint of 


shellfish biologists, this interest stems 
primarily from the possible effects of 
parasites on these mollusks; however, 
there is another reason why such para- 
sites are important. Specifically, since 
several species of mollusks, such as 
certain oysters and clams, are com- 
monly consumed by humans in the raw 
or barely cooked state, the potential of 
transmission of such parasites from 
mollusks to humans and their estab- 
lishment in man must be considered. 
Thus, the pragmatic importance of 
parasites harbored by shellfish involves 
the focal interest of shellfish biologists 
as well as that of the public health- 
oriented parasitologist. 

A third reason for the increased in- 
terest in parasites of mollusks rests with 
the fact that zooparasites are useful as 
antigens in studies designed to eluci- 
date the immunologic responses of mol- 
lusks. This is especially true if the in- 
tent is to contribute to our understand- 
ing of the process of encapsulation, 
commonly known as granuloma forma- 
tion. In such instances, the helminths 
are particularly useful. 

As indicated by the title of this pre- 
sentation, my remarks will be limited to 
larval nematodes, a group of parasites 
of marine mollusks that has been sadly 
neglected. I shall commence by stating 
that, in my opinion, the reasons why 
there is a dearth of published informa- 
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tion pertaining to this category of para- 
sites are because |) larval nematodes 
are extremely difficult to identify, and 
2) many are tissue, rather than luminal, 
parasites, and consequently require 
special procedures to isolate which are 
not routine, e.g., enzyme digestion and 
concentration. 

Only a few species of nematodes 
have been reported from commercially 
important marine mollusks, although 
they have been recorded from a number 
of terrestrial, freshwater, and a few 
commercially unimportant marine mol- 
lusks (Gerichter, 1948; Pelseneer, 
1928). Abbreviated accounts of the 
known species in marine shellfish are 
presented below. For those interested in 
identification, redescriptions of these 
species have been presented earlier 
(Cheng, 1967). 


ECHINOCEPHALUS UNCINATUS 
MOLIN, 1858 


Molin (1858) erected the genus 
Echinocephalus to include E. un- 
cinatus found in the spiral valves of the 
elasmobranch Trygon brucco in the 
Adriatic Sea. The original description 
was based on two distinct types of 
specimens. Molin designated one 
specimen, 7.0 mm long with 6 rows of 
cephalic hooks, as the female, and two 
others, 24-35 mm long with 30 rows of 
hooks, as males. Later, Baylis and 
Lane (1920) considered Molin’s males 
to be identical with E. spinosissimus, 
and the female as representative of E. 
uncinatus. 
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As a result of studies by Millemann 
(1963), it is now generally agreed that 
the specimens of Echinocephalus 
studied by Molin (1858) and Baylis and 
Lane (1920) actually represent the lar- 
val forms of species, the adults of 
which are yet unknown. Also, Mil- 
lemann has stated that the early juvenile 
stages (L, and L,) of Echinocephalus 
spp. have 8 rows of cephalic hooks, 
which can only be appreciated by exam- 
ining en face preparations. The defini- 
tive number of rows of such hooks is 
not attained until the L, stage. Mil- 
lemann’s interpretation is that Molin’s 
males represent the true FE. uncinatus 
and considers E. spinosissimus as a 
synonym. 

Larval E. uncinatus have been 
reported in several species of marine 
mollusks. Specifically, von Linstow 
(1904) found it encysted in the adductor 
muscle of the pearl oyster, Margaritif- 
era vulgaris, in Ceylonese waters, and 
Baylis and Lane (1920) reported it in 
the pelecypod Pinna sp. In addition, 
Hopkins (1935) reported what he be- 
lieved to be the larva of E. uncinatus 
collected by Van Cleave in the gonad of 
a sea urchin, Arbacia punctulata, at 
Woods Hole, Mass., and Johnston and 
Mawson (1945) reported the occur- 
rence of this larva in the gastropods 
Polinices and Katylesia 
scalarina from Australia. It is noted 
that there is some doubt whether these 
larvae are all E. uncinatus. Neverthe- 
less, these few reports do serve to point 
out that the larvae of Echinocephalus 
spp. occur in a variety of marine inver- 
tebrates, among which mollusks are 
apparently a common group. The 
definitive host of Echinocephalus spp. 
is usually an elasmobranch (Yamaguti, 
1961). 
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Figure |.—Echinocephalus pseudouncinatus. (A) Anterior end of 
second-stage larva, lateral view; (B) en face view of head of second- 
stage larva. (Redrawn after Millemann, 1963). 


ECHINOCEPHALUS 
PSEUDOUNCINATUS 
MILLEMANN, 1951 


This species (Fig. 1) was described 
by Millemann (1951) based on larvae 
found encysted in the foot of the pink 
abalone, Haliotis corrugata, collected 
at San Clemente Island in southern 
California. In addition, it also occurs in 
the southern green abalone, Haliotis 
fulgens. 

Echinocephalus pseudouncinatus 
larvae burrow into the foot of abalones 
where they encyst in the ventral por- 
tion. This results in a blisterlike protru- 
sion on the foot. In addition, the bur- 
rowing motions of the larvae prior to 
encystment apparently weakens the 
foot musculature and decreases its 
efficacy as a hold-fast structure. As a 
result, parasitized abalones are readily 
detached from rocks. 

It is noted that Millemann (1951) has 
reported that only old abalones are 
parasitized. It remains unknown 
whether this means that younger ones 
are refractile or if the parasite prefers 
older mollusks. 


ECHINOCEPHALUS 
CRASSOSTREAI CHENG, 1975 


The definition of this species (Fig. 2) 
by Cheng (1975a) was based on speci- 
mens of second- and third-stage larvae 
from the Japanese oyster, Crassostrea 
gigas, collected from oyster beds off 
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end of third-stage larva of Echinocephalus crassostreai. 
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the coasts of Hong Kong and The 
People’s Republic of China. 

The L,, which was the most com- 
monly encountered stage, occur 
primarily in the gonoducts of the mol- 
luscan host. 

Although examination of routinely 
stained sections of parasitized oysters 
revealed only slight pathological 
changes, for example the development 
of a tunic of reaction elements sur- 
rounding the _ parasite-enclosing 
gonoduct (Cheng, 1975a), histochemi- 
cal studies have revealed considerably 
more. It has been found that the reac- 
tion tunic is comprised of connective 
tissue fibers, which are comprised, at 
least in part, of complex carbohydrates 
that are sulfated and rich in acidic 
groups; tightly packed Leydig cells, 
which include glycogen and carboxy- 
lated polyanions; glycogen-containing 
hemocytes, which also enclose carbox- 
ylated polyanions; brown cells, and 
myofibers. Of these elements, only the 
myofibers are native to this region 
(Cheng, 1975b). 

The presence of E. crassostreai lar- 
vae in the gonoductal vestibule results 
in hyperactivity and secretion of gland 
cells embedded in epithelial lining. 
Furthermore, if larvae should invade 
the gonad, some damage is inflicted on 
adjacent molluscan gametes. 


Because of the structural separation 
of the intragonoductal parasites from 
the periductal reaction complex, Cheng 
(1975b) advanced the hypothesis that 
the reaction is stimulated by molecules 
secreted and/or excreted by the 
nematodes and which are able to per- 
meate through the lining epithelium and 
subtending basal lamina. I wish to em- 
phasize this interpretation since in- 
sufficient attention, in my opinion, has 
been placed on pathogenesis resulting 
from parasite-secreted molecules in in- 
vertebrate hosts. Of course, direct evi- 
dence for such deleterious molecules 
must rest with their isolation, charac- 
terization, and studying their effects 
experimentally. 

Echinocephalus crassostreai serves 
as an example of a parasite which is of 
public health importance. Ko et al., 
(1974) demonstrated that L, from oys- 
ters, upon ingestion by a cat and a 
rhesus monkey, penetrated the stomach 
and intestines. This is not totally sur- 
prising since the genus Echinocephalus 
is a member of the family Gnathos- 
tomatidae, which also includes 
Gnathostoma, the larvae of which 
genus are well known to cause gastric 
and other types of granulomatous le- 
sions in humans if accidentally in- 
gested. 
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SULCASCARIS SULCATA 
(RUDOLPHI, 1819) 


Cobb (1930) described Paranisakis 
pectinis based on a single immature 
specimen found in the visceral mass of 
a scallop, Pecten, collected at 
Beaufort, N.C. Gutsell (1930) found 
the same nematode in Aequipecten 
maximus collected from the same loca- 
tion. Years later, Hutton (1964), while 
examining the bay scallop, Aequipec- 
ten gibbus, collected off the east coast 
of Florida, found numerous specimens 
of a larval nematode which he identified 
as Cobb’s worm. However, as the re- 
sult of finding a short, anteriorly pro- 
jecting caecum, Hutton transferred it to 
the genus Porrocaecum. It is noted, 
however, that this nematode has been 
tentatively designated as Paranisaki- 
opsis pectinis by Perkins et al. (1975) 
who reported its occurrence in the foot 
and adductor muscles of the surf clam, 
Spisula solidissima, from Virginia and 
North Carolina. Since then, J. Ralph 
Lichtenfels has informed me that this 
nematode has been identified by J. F A. 
Sprent as the larva of Sulcascaris sul- 
cata, the adult of which is a parasite of 
loggerhead turtles, Caretta caretta, and 
the green turtle, Chelonia mydas. This 
has been confirmed by Lichtenfels. 
Also, Lichtenfels has informed me that 
the L, of the nematode also occurs in the 
whelk, Busycon caniculata, and the 
moon snail, Lunatia heros. 

Earlier, Cheng (1967) reported larval 
S. sulcata (Fig. 3) in the adductor mus- 
cles of A. gibbus and A. irradians off 
the coasts of North Carolina, South 
Carolina, and Florida, and later 
(Cheng, 1973) reported this larval 
nematode in 2.3 percent of 400 speci- 
mens of A. irradians from off the coast 
of North Carolina. The larvae were 
commonly, although not always, found 
in the adductor muscle, causing it to 
take on a brownish color. Furthermore, 
the presence of more than one larva, 
commonly two to four, causes suf- 
ficient damage to the muscle that much 
of the tonicity was lost. It is now known 
the brownish color associated with this 
parasite is, at least in part, due to Uros- 
poridium spisuli, a pigmented hyper- 
parasite (Perkins et al., 1975). 
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The occurrence of larvae of S. sul- 


cata in scallops and other species of 


marine mollusks is also of potential 
public health significance since the lar- 
vae of certain species of related genera 
belonging to the family Anisakidae are 
known to cause what has been desig- 
nated as anisakiasis in humans if acci- 
dentally ingested (see Jackson, 1975 
and Cheng, 1976 for reviews). It is 
noted that Norris and Overstreet (1976) 
have reported the occurrence of the re- 
lated anisakid Thynnascaris in three 
species of marine mollusks, the gas- 
tropods Cantharus cancellarius and 
Thais haemastoma floridana and the 
cephalopod Lolliguncula brevis. In ad- 
dition, Dolgikh (1966) has reported 
another related anisakid, Thynnascaris 
adunca (=Contracaecum aduncum), 
in the marine gastropods Cyclonassa 
neritea and Nassa reticulata in the 
Black Sea. Valter (1968) has reported 
success at experimentally infecting the 
gastropod Margarites groenlandicus 
with the same parasite, and Kikuchi et 
al. (1969, 1972) and Shiraki (1969) 
have reported Contracaecum larvae in 
the cephalopod Todarodes pacificus in 
Japanese waters. 

The life cycles of anisakids are 
highly complex and still little under- 
stood (Cheng, 1976). The definitive 
hosts in the case of those larvae that 
have been found in marine mollusks, 
including commercially important 
shellfish, could be a fish, a bird, or a 
marine mammal. If it is a homeotherm, 
then the larvae in mollusks are poten- 
tially infective to humans (Cheng, in 
press). 


COMMENTS 


As indicated by the brief review pre- 
sented, only a few species of nematodes 
have been reported as naturally occur- 
ring parasites of commercially impor- 
tant marine shellfish, and all of these 
have been larvae, mostly L,. This does 
not mean that nematode parasitism is 
rare in shellfish. Cheng (1976), for 


example, has noted the occurrence of 


an unidentified species embedded in the 
Leydig tissue of Crassostrea virginica 
collected in St. Mary’s Creek, St. 
Mary’s County, Md. 
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Figure 3.—Sulcascaris sulcata. (A) Lateral 
view of anterior portion of larva from 
Aequipecten gibbus; (B) en face view of an- 
terior terminal of larva. (Redrawn after Cobb, 
1930.) AM, amphid; C, caecum; CC, 
cephalic constriction; ES, esophagus; INT, 
intestine; NR, nerve ring; PA, papilla; SP, 
submedian papilla, VEN, ventriculus. 


As stated, it is suspected that the 
reasons no more have been reported are 
1) because larval nematodes are 
difficult to identify, and 2) the recovery 
of nematodes from mollusks require 
nonroutine procedures. 

Except for Echinocephalus crassos- 
treai in Crassostrea gigas, detailed 
pathological effects, both morphologi- 
cal and physiological, inflicted by these 
helminths on their molluscan hosts 
have not yet been studied. Neverthe- 
less, the ability of Echinocephalus 
pseudouncinatus and Porrocaecum 
pectinis to weaken the adductor mus- 
cles of their pelecypod hosts renders 
them of importance to the shellfish in- 
dustry. 

Finally, since certain species of 
shellfish are consumed either raw or in 
the partially cooked state, the occur- 
rence of larval nematodes in them rep- 
resents potential public health hazards. 
The danger is real in view of what is 
known about the pathogenicity of E. 
crassostreai to mammals and human 
anisakiasis. 
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MFR PAPER 1346 


Environmentally Related Diseases 
of Marine Fish and Shellfish 


CARL J. SINDERMANN 


The significance of environmental 
stress from pollutants is emerging as an 
important determining factor in a 
number of fish and shellfish diseases. 
This stress may take the form of direct 
chemical-physical damage to cell 
membranes or tissues, modification of 
biochemical reactions, buildup of 
facultative microbial pathogens, low 
environmental oxygen levels, and 
many others. The presence of marginal 
or degraded estuarine/coastal environ- 
ments may be signaled by the appear- 
ance of fin erosion, “‘red sores,’’ lym- 
phocystis, skeletal anomalies, and 
tumors in teleost fishes, by shell disease 
in crustaceans, and by certain neo- 
plasms in bivalve mollusks, but a clear 
cause and effect relationship has not yet 
been demonstrated in every instance. 

During the past decade, several dis- 
eases and abnormalities of fish and 
shellfish have been described that seem 
associated with pollutant stresses. 
These can be categorized and discussed 
as follows: 


DISEASES CAUSED BY 
FACULTATIVE PATHOGENS 
RELATED TO 
CONTAMINANT STRESS 


Included here would be ‘‘fin rot’’ or 
‘*fin erosion’’ in fish, a syndrome 


which seems rather clearly associated 
with degraded estuarine or coastal envi- 
ronments. Fin rot has been reported 
from the New York Bight, the Califor- 
nia coast, Puget Sound, Biscayne and 
Escambia Bays in Florida, Tokyo Bay, 
and the Irish Sea. 

Also associated with badly degraded 
estuarine and coastal waters is a disease 
condition in Crustacea commonly re- 
ferred to as ‘‘shell disease’’ or *‘shell 
erosion.’’ This condition, which affects 
the gills in particular, is seen in crabs 
and lobsters, and in smaller crustaceans 
as well. 


STRESS-PROVOKED 
LATENT INFECTIONS 


There are at present published ac- 
counts of two viral diseases of marine 
invertebrates which suggest that latent 
infections may be provoked into patency 
by environmental stress. One, a baculo- 
virus infection of pink shrimp, was first 
recognized in stressed laboratory popu- 
lations. The other, a herpeslike virus in- 
fection of oysters, was discovered in a 
population held in a heated power plant 
effluent in Maine. A third viral 
infection—lymphocystis of striped 
bass—seems to have some tenuous 
association with heated effluents. 


Carl J. Sindermann is with the Sandy 
Hook Laboratory, Northeast Fish- 
eries Center, National Marine Fish- 
eries Service, NOAA, Highlands, NJ 
07732. 


ENVIRONMENTALLY INDUCED 
ABNORMALITIES 


Included here are a number of neo- 
plasias in fish and shellfish, and skeletal 
anomalies in fish. Circumstantial evi- 
dence associating environmental 
contamination with neoplasms (tumors) 
in fish and shellfish has accumulated 
from a number of studies. Skeletal 
anomalies, particularly those of the ver- 
tebral column, fin rays, and gill rakers, 
have also been reported as common in 
certain fish species from degraded habi- 
tats. 


GENETIC ABNORMALITIES 


The mutagenic properties of a 
number of chemical contaminants, in- 
cluding heavy metals and pesticides, 
have been demonstrated in experimen- 
tal studies with terrestrial animals, and 
there is some preliminary information 
that suggests high mutagenic preva- 
lences in fish eggs and larvae from pol- 
luted coastal waters. 


MISCELLANEOUS 
EXPERIMENTALLY INDUCED 
LESIONS 


Of particular interest here are lesions 
in gills, livers, and neurosensory tis- 
sues of fishes induced by exposure to 
heavy metals, petroleum components, 
and halogenated hydrocarbons. 

In conclusion, it should be empha- 
sized that, except for experimental 
studies, much of the evidence associ- 
ating fish and shellfish diseases with 
polluted environments is still cir- 
cumstantial, but that the weight of such 
evidence is impressive and is increas- 


ing. 


MFR Paper 1346. From Marine Fisheries Review, Vol. 40, No. 10, October 
1978. Copies of this paper, in limited numbers, are available from D822, User 
Services Branch, Environmental Science Information Center, NOAA, Rockville, 
MD 20852. Copies of Marine Fisheries Review are available from the Superin- 
tendent of Documents, U.S. Government Printing Office, Washington, DC 
20402 for $1.10 each. 


October 1978 





MFR PAPER 1347 


Nutrient Requirement of the 
Lobster and Nutrition Pathology 


ROBERT C. BAYER, MARGIE LEE GALLAGHER, 


and DALE F. LEAVITT 


Disease problems are observed to in- 
crease with high density confinement 
rearing as practiced in lobster aquacul- 
ture or pound holding, where up to 
100,000 pounds of legal-sized lobsters 
are held for up to 4 months. The nutri- 
tional status of these animals undoubt- 
edly influences their disease resistance 
under stress conditions associated with 
holding in a pound or rearing unit; 
either a dietary imbalance or insuf- 
ficiency represents an additional stress 
to the confined lobsters. 

In recent years, several artificial diets 
have been formulated to attempt to 
grow or maintain lobsters. Formulation 
of these test diets was based on limited 
information of the nutritional require- 
ments of the lobster (Castell et al., 
1975; Conklin, 1975; Gallagher et al., 
1976). One of the objectives of the 
present study was to determine the lob- 


sters’ dietary intake by analysis of 
stomach contents of naturally feeding 
lobsters. This intake was defined in 
proximate nutritional terms. Lobsters 
were taken by scuba diving from the 
mouth of the York River, an area closed 
to lobster fishing, and their stomach 
contents analyzed for protein, energy, 
ether extract, total mineral, calcium, 
and amino acid profile. When lobsters 
having hard shells were compared with 
lobsters having soft shells (Table 1), 
their dietary intake consisted of more 
protein, energy, and ether extract; ether 
extract, however, was not significantly 
different. 

The soft-shell lobsters appeared to 
have a greater mineral and calcium re- 
quirement as their stomachs contained 
more of these components than did the 
hard-shell lobsters. This increased 
mineral intake probably indicates an 


Table 1.—Mean proximate analysis values of stomach contents from hard-shell, intermediate-shell, and 
soft-shell lobsters. The numbers of observations is in parentheses. Values differing from each other 
significantly (P <0.05) have different superscripts; identical superscripts indicate no significant differences. 





Constituent 


Intermediate- 
Hard-shell shell 
(60) (7) 


Soft-shell 
(11) 





Crude protein (percent sample) 
Gross energy (cal/gm) 

Ether extract (percent sample) 
Tota) mineral (percent sample) 
Calcium (percent sample) 
Calcium (percent total mineral) 


2.142 


34.07+ 2.74% 23.24+ 2.49 
+238° 1,535 +125ab 
1.09+ 0.53" 0.53+ 0.158 
47.57+ 3.15 52.33+ 1.464 
17.44+ 166° 24.69+ 1.14> 
37.23+ 2.57 47.12+ 1.28 


12.16+ 2.15? 

1.040 +253 
0.58+ 0.174 
67.70+ 2.49> 
30.77+ 1.53? 
45.43+ 1.44> 





Robert C. Bayer, Margie Lee Gal- 
lagher, and Dale F. Leavitt are with 
the Department of Animal and Vet- 
erinary Sciences, University of 
Maine, Orono, ME 04473. 


additional need for minerals involved in 
calcification of the new shell. The criti- 
cal nature of mineral balance has been 
demonstrated in feeding trials in which 
juvenile lobsters were fed diets with 
varying Ca/P ratios. Scanning electron 
micrographs of lobster shells showed 
that all animals receiving synthetic 
diets had an abnormal epicuticle. His- 
tological examination of lobsters’ 
shells revealed that all synthetic diets 
produced thinner shells. Furthermore, 
in those diets with a Ca/P ratio of 1.55 
or greater, extreme abnormalities were 
noted in the endocuticle, indicating a 
disruption of the laminar protein matrix 
required for the calcification process. 
Mortality was greatest in the lobsters 
fed diets containing a high Ca/P ration. 
All lobsters that died were in the pro- 
cess of molting and were unable to 
complete the molt, remaining partially 
attached to their old shell. Since the 
shell is the primary physical and 
perhaps chemical barrier to micro- 
biological invasion, the weakening of 
this barrier could have severe effects on 
the ability of the animal to resist dis- 
ease. 
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MFR PAPER 1348 


Nutritionally Induced Cataracts 
in Salmonids Fed Purified and 
Practical Diets 


HUGH A. POSTON, RONALD C. RIIS, 


GARY L. RUMSEY, and H. GEORGE KETOLA 


As in other areas of animal industry, 
the cost of feed is a major contributing 
factor to the total cost of fish produc- 
tion. This is much more apparent for 
fish because they require 40-55 percent 
of their diet as protein, compared with 
18-22 percent for poultry, for exam- 
ple. This problem is accentuated by the 
fluctuating availability and costs of 
animal protein which carnivorous fish 
generally require in large amounts. 

In searching for acceptable alternate 
sources of plant protein for fish food 
at our laboratory, an 80-90 percent in- 
cidence of grossly discernible bilateral 
cataracts appeared in trout and salmon 
fed a commercial isolated soy protein 
(ISP), at 40 percent of the diet, for at 
least 8 weeks. 

Reports from salmon and trout rear- 
ing facilities throughout the world indi- 
cate that fish cataracts, apparently of 
dietary origin, are widespread and 
cause marked economic loss in fish 
production. 

We initiated studies at our laboratory 
to: 1) determine some of the nutritional 
factors responsible for cataracts and re- 
duction of growth in salmonids fed 
diets containing ISP as the major source 
of protein, and 2) characterize the de- 
velopment of the dietary-induced 
cataracts. 

Soybean products usually are 
deficient in the total sulfur amino acids, 
methionine, and cystine. Also, alkaline 
treatment during preparation of soy pro- 
tein isolates possibly reduces the bio- 
availability of lysine, through conju- 
gation of its bioactive sites such as the 
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opsilon groups, to below the minimal 
level necessary to prevent cataracts in 
fish. 

Preliminary experiments eliminated 
the dietary form of ISP (i.e., isoelectric 
ISP VS sodium proteinate ISP), the 
level of threonine, ascorbic acid, or 
chromium as possible causes for the 
lens opacity. 

We conducted another experiment in 
which duplicate lots of |-gm lake trout, 
Salvelinus fontinalis, were fed, for 16 
weeks at 9°C, either a basal diet con- 
taining 38.7 percent ISP as the sole 
protein, or the basal diet plus a supple- 
ment of 0.9 percent DL-methionine and 
1.15 percent lysinesHCl. A practical, 
production-type diet that contained no 
ISP was fed as a control diet. 

We examined the intact eyes of live 
fish from each dietary group every 
month with a slit-lamp biomicroscope. 
Using the total amount of light transmit- 
ted through the normal lens as 100 per- 
cent, we assigned lenses the values of 
100, 75, 50, 25, and 0 percent, accord- 
ing to the degree of opacity. After 
biomicroscopic examination, the eyes 
were enucleated and prepared for his- 
tological study of changes in lens struc- 
ture. 

Monthly biomicroscopic and _his- 
tologic examination showed that, 
whereas fish fed supplemental 
methionine and lysine had normal 
lenses, those in fish fed the basal diet 
underwent a series of degenerative 
changes (including replication of an- 
terior lens epithelium, and opacifica- 
tion, vacuolation, liquefaction, and 
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hyalinization of fibers) progressing 
from the epithelium and outer cortex to 
the nucleus. 

In another experiment, duplicate lots 
of 5-gm lake trout were fed a basal diet 
(40 percent ISP) or the basal diet plus 
singular supplements of 0.9 percent 
methionine, 1.15 percent lysinesHCl, 
0.92 percent lysine (free base), or vari- 
ous combinations for 18 weeks at 
12.4°C. Trout fed methionine, either 
singularly or with lysine, had normal 
lenses, but those fed the basal diet or 
lysine without methionine had lens 
cataracts which progessed inward from 
an initial cortical opacification and 
epithelial replication to a deeper nu- 
clear involvement with the same de- 
generative changes observed in the first 
experiment. These results show that 
supplemental methionine, but no 
lysine, prevented cataract formation in 
lake trout fed an ISP as the sole protein. 

In other feeding studies with diets 
containing casein and gelatin, but not 
ISP, a dietary riboflavin deficiency in- 
duced a lenticular-corneal abnormality 
in fingerling rainbow trout, Salmo 
gairdneri; a dietary vitamin A de- 
ficiency in swim-up brook trout, Sal- 
velinus fontinalis, caused corneal and 
retinal, but not lenticular, abnormalities. 
Supplemental dietary @-carotene pre- 
vented corneal and retinal lesions in 
brook trout held in warm (12.4°C), but 
not in cold (9°C) water. 

These resu!ts show the formation of a 
nutritionally induced cataract which 
can be prevented by feeding supple- 
mental methionine, but not lysine. Al- 
though our results do not show spe- 
cifically how the deficiency of 





methionine metabolically induced the 
cataractogenesis, evidence of work 
with other animals suggests that the 
sulfhydryl, rather than the methyl 
group of methionine, is most important 
in preventing methionine deficiency 
cataracts. One of the earliest detectable 
changes in most cataract formations is a 
rapid fall in concentration of sulfhydryl 
groups. The sulfhydryl groups possibly 
minimize conformational changes such 


as unfolded proteins and the subsequent 
formation of disulfide cross-link bonds 
and insoluble proteins of high molecu- 
lar weights. 

Soybeans and soy proteins often con- 
tain antinutritional factors such as tryp- 
sin inhibitors and hemagglutinins 
which interfere with normal intestinal 
absorption of nitrogen and metabolism 
of methionine. Such factors, as they 
possibly affect cataractogenesis, 


growth, and composition, warrant 
further study. 

In summary, these studies show that 
at least three nutrient-related lesions 
occur in the eyes of salmonid fishes. A 
deficiency of an amino acid caused lens 
cataracts; a deficiency of riboflavin in- 
duced a lesion involving cornea and 
lens. A vitamin A deficiency caused 
lesions in the cornea and retina, but not 
in the lens. 
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Environmental Parameters 


Affecting Fish Physiology in 
Water Reuse Systems 


THOMAS L. MEADE 


The incorporation of water reuse, 
based on microbiological treatment, in 
large-scale salmonid production sys- 
tems a few years ago was widely re- 
garded as a major breakthrough in pro- 
duction technology. Since that time, 
those of us who have been involved in 
the development of water reuse 
technology have seen the value of our 
effort diminished by changing condi- 
tions and the appearance of physiologi- 
cal problems. 

Innovative development work has 
enabled us to offset some of the effects 
of increased materials and energy costs, 
and meet the more stringent discharge 
criteria. On the other hand, high mor- 
talities experienced in some facilities 
have been a severe setback, and clearly 
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illustrate that when the environment is 
appreciably modified we can expect a 
physiological response. Unfortunately, 
physiological adaptation is not always 
adequate to insure survival. 
Experience gained in culturing one 
species in water reuse systems is not 
always transferable to another species, 
and, similarly, problems encountered 
in One area are not necessarily experi- 
enced in another. Most problems en- 
countered are related to water quality. 
Such factors as pH, mineral content, 
metabolite levels, temperature, and 
dissolved gases may be critical. Our 
more recent research, which is mul- 
tidisciplinary in approach, has centered 
on the relationship between environ- 
mental factors and the well being of the 
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cultured species as judged by biochem- 
ical, physiological, and pathological 
determinative procedures. 

It is generally accepted that toxicity 
of ammonia is due to the undissociated 
fraction, with its concentration being 
temperature, salinity, and pH depen- 
dent. Thus, environmental pH manipu- 
lation can be employed to increase tol- 
erance for ammonia. Since culturing in 
the range pH 6.0-7.0 is not always de- 
sirable, we have endeavored to develop 
a better understanding of the 
mechanism of ammonia toxicity. Data 
developed to date suggests that im- 
paired respiration resulting from an al- 
tered acid base balance, with a corres- 
ponding blood pH shift, is the primary 
cause of mortality. 

In water reuse systems employing 
microbial nitrification, nitrite, a micro- 
bial metabolite, may also be toxic to the 
fish being cultured. A wide range of 
LC,,o’s of nitrite for various species has 
been reported. In our work, we have 
demonstrated that nitrite toxicity is re- 
lated to temperature, oxygen concentra- 
tion, and chloride ion concentration. In 
high salinity environments, nitrite has a 
low order of toxicity, and, in freshwater 
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with a chloride ion concentration of less 
than | mg/liter, nitrite is extremely tox- 
ic. The oxidation of ferrohemoglobin to 
ferrihemoglobin by nitrite or a deriva- 
tive of nitrite is observed in nitrite toxic- 
ity. Under normal conditions, there is a 
change in the color of the gill tissue and 
the blood to a characteristic chocolate 
brown color. In our work, we have also 
experienced high mortality at moderate 
levels of ferrihemoglobin with an ab- 
sence of blood color change. This 
suggests that a second mechanism may 
be operative. At this time, we are look- 
ing into two possible mechanisms: one 


involving interference in the final step 
involving electron transfer in the res- 
piratory enzymes, and the other the 
effect of stress on the production of 
mineralocorticosteroids. In the case of 
the latter, elevated blood bicarbonate 
levels would result in alkalemia with its 
associated impairment of respiration. 
Research is also underway on the 
problems involved during smoltifica- 
tion of steelhead trout in a water reuse 
system. Although work in this area is 
still in the exploratory stage, available 
data suggests that the problem is related 
to a lack of synchronization between 


increased hormonal activity associated 
with smoltification and activation of the 
Na+K ATPase system in the gill tissue. 

In conclusion, it appears that en- 
vironmental stress factors have a far 
greater influence on normal growth and 
development than previously recog- 
nized. High density culture in water 
reuse systems, although theoretically 
possible, is not without considerable 
risk, and the risk will not be minimized 
until we have a better understanding of 
the relationship between environmental 
factors and the physiology of the cul- 
tured species. 
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PCB-Induced Alterations in 
Teleost Liver: A Model for 
Environmental Disease in Fish 


DAVID E. HINTON, JAMES E. KLAUNIG, 


and MICHAEL M. LIPSKY 


Man’s population and continued 
economic and industrial development 
has led to increasing exposure of the 
aquatic environment to exogenous 
compounds. Alteration in structure/ 
function of tissues arising from expo- 
sure to these pollutants comprises our 
working definition of environmental 
diseases of fish. The response of fish 
tissues to environmental pollutants may 
take either of two forms. In the first, 
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there is acute lethal injury. This may be 
expected to occur after exposure to ex- 
tremely toxic substances. The second 
form occurs following exposure to 
chronic sublethal concentrations of pol- 
lutants. This leads to an altered steady 
state, compatible with life, where 
changes in structure at the tissue, cellu- 
lar, and organelle level can be corre- 
lated with alterations in function. Those 
pollutants which lead to the latter form 
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of injury are noted by their persistence 
in the environment and their bioaccu- 
mulation. 

The ability of fish to metabolize 
compounds can, to a large extent, 
mediate the form of injury which re- 
sults. The primary locus of enzymes 
which metabolize foreign substances is 
the hepatic microsomal mixed-function 
oxidative system (MFOS). This system 
is capable of the detoxification of nox- 
ious substances and the activation of 
potential carcinogens (Dallner, 1963). 

The polychlorinated biphenyls 
(PCBs) are important industrial com- 
pounds which have been used in paints, 
immersion oils, electrical capacitors, 
and heat exchange systems. Their pres- 
ence and persistence in the aquatic 
environment have been documented 
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(Gustafson, 1970). From studies on 
mammalian liver, it is known that PCBs 
cause marked induction of enzymes in 
the MFOS (Bruckner et al., 1974; Lit- 
terst et al., 1972). Morphologic studies 
have shown hepatocytomegaly, prolif- 
eration of smooth endoplasmic re- 
ticulum, and lipid accumulation (Kasza 
et al., 1976; Kimbrough et al., 1972). 
Based upon a limited number of bio- 
chemical studies, it appears that the 
MFOS of teleost liver undergoes a simi- 
lar response to PCB although the degree 
of enzyme induction is less (Hill et al., 
1976; Lidman et al., 1976). Mor- 
phologic findings in PCB-exposed fish 
have not been previously reported. The 
purpose of this report is to present cor- 
related morphologic and biochemical 
data in channel catfish liver following 
exposure to PCB. 

Mixed-sex channel catfish with an 
average weight of 165 gm were ob- 
tained from the Agricultural Engineer- 
ing Department at the University of 
Maryland, College Park. For each ex- 
periment, control and PCB-exposed 
fish were kept in 20-gallon glass tanks 
with noncirculating but aerated water at 
a temperature of 12°-15°C. Water was 
changed daily. Fish were starved dur- 
ing the exposure period. For acute ex- 
posure, fish were given seven daily 
intraperitoneal injections of PCB (Aro- 
clor 1254, Monsanto!) in mineral oil 
(50 mg/kg body weight). Controls were 
given mineral oil only. For subacute 
exposure (21 days), PCB (1,000 mg/kg 
body weight) in gelatin capsules was 
administered by gastric insertion. 

Following exposure, fish were stun- 
ned by a blow to the head and the liver 
was removed, blotted, and weighed. 
Tissue was minced in ice cold 0.05M 
Tris-1.15 percent KCI buffer, pH 7.4. 
Three to four washings in buffer were 
employed to remove the blood. The en- 
tire liver was placed in fresh ice cold 
buffer and a 25 percent w/v homogen- 
ate was made by four passes with a 
teflon pestle at 200 rpm. The homogen- 
ate was sedimented at 10,000 g for 15 
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Figure |.—Micrograph from liver of control channel catfish showing portions of 
several hepatocytes. M-mitochondria; N-nucleus; Gly-glycogen. 20,000 x. 
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Figure 2.—Portion of hepatocyte from a PCB-treated fish (acute exposure) showing 
vesicular profiles of smooth and rough endoplasmic reticulum and lipid droplets. 


L-lipid. 25,000 x. 


minutes, and the supernatant was cen- 
trifuged at 100,000 g for 60 minutes. 
The resulting microsomal pellet was re- 
suspended in Tris-KCI buffer to a final 
concentration of 0.5 gm/ml. Standard 
methods were used to quantify the fol- 


lowing microsomal components (incu- 
bation temperatures were lowered to 
27°C): Cytochrome P-450, cytochrome 
b;, NADPH-cyt-c reductase, micro- 
somal protein, and aminopyrine de- 
methylase. 
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Figure 3.—Hepatocyte, following 21 days exposure to PCB (subacute exposure), 
showing proliferation of tubular profiles of smooth endoplasmic reticulum (arrows). 


25,000 x. 


Tissues for electron microscopy 
were minced in 4 percent formalde- 
hyde-1 percent glutaraldehyde, in 200 
milliosmolar phosphate buffer pH 7.4, 


and fixed for 2 hours (McDowell and 
Trump, 1976). Following postfixation 
in | percent OsOs, tissues were dehy- 
drated in graded ethanol solutions and 
embedded in Epon (Luft, 1961). 
Semithin sections of Epon embedded 
material were stained with toluidine 
blue and viewed under a light micro- 
scope. Thin sections were stained with 
uranyl acetate and lead citrate, and 
viewed under an AEI-6B electron mi- 
croscope. 

The mean liver to body weight ratios 
for control and acute PCB-treated fish 
were not statistically different. Simi- 
larly, microsomal protein values were 
unchanged. Cytochrome P-450 in- 
creased approximately 39 percent in 
PCB-treated fish when expressed as n 
moles per milligram protein or n moles 
per gram liver. The largest degree of 
change was seen in the amount of 
cytochrome b; which increased 2.5- 
fold. The specific activity of NADPH- 
cyt-c reductase was increased to 1.6 
times the control value. Aminopyrine 
demethylase did not change. 

After 21 days of PCB treatment, 
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cytochrome P-450 and b,, were increased 
twofold or more over control values. 
Again, microsomal protein did not 
change. NADPH-cyt-c reductase val- 
ues were higher than control but were in 
the same range of those at 7 days. 
Aminopyrine demethylase, unchanged 
during the acute study, increased to 3.4 
times the control activity. 

Following PCB exposure, toluidine 
blue-stained thick sections revealed in- 
creased numbers of aqua-colored lipid 
droplets. Hepatocytomegaly was an in- 
constant finding; however, occasional 
hepatocytes with enlarged, rounded 
profiles were observed. 

Electron microscopy after acute PCB 
treatment showed changes in hepato- 
cytes which were primarily restricted 
to the endoplasmic reticulum and to 
lipidlike material. Frequently, rough 
endoplasmic reticulum (RER) was in- 
creased. Cisternae were expanded and 
contained homogeneous material of 
low to medium electron density. In ad- 
dition, the endoplasmic reticulum was 
often seen in circular and vesicular 
profiles rather than parallel arrays as in 
controls (Fig. 1, 2). Occasional nuclear 
alterations, such as large indentations, 
were noted. 

Subacute exposure produced ultra- 


structural alterations similar to those 
seen in mammals. Smooth endoplas- 
mic reticulum (SER) was greatly in- 
creased over controls, and was seen as 
circular and tubular profiles as well as 
lateral outgrowths of RER cisternae 
(Fig. 3). Long meandering tracks and 
stacks of SER as well as membrane 
whorls 5-10 layers thick were evident 
(Fig. 4, 5). RER was still seen as vesic- 
ular profiles and parallel cisternae. 
**Liposomes’’ and lipid droplets ap- 
peared increased with nuclear atypia 
still an occasional finding. 

Morphologic findings after PCB 
treatment in fish liver revealed close 
correlation to the biochemical results. 
The acute, moderate response of the 
microsomal MFOS was related to mod- 
erate alteration in endoplasmic re- 
ticulum morphology. RER was in- 
creased, seen as single meandering 
tracks and circular, vesicular profiles. 
SER, in scattered foci, appeared to be 
increased over the scant number of 
profiles associated with the control liv- 
ers. The large increases in MFOS activ- 
ity which characterized the subacute re- 
sponse to PCB were accompanied by 
extensive changes in endoplasmic re- 
ticulum morphology and content. SER 
was greatly increased, occurring at 
times as myelinlike membrane whorls. 

The findings of this study are promis- 
ing in that a bioassay based upon 
biochemical and morphologic studies 
of pollution-induced cellular alterations 
in fishes seems possible. Such an assay 
would contribute much to our under- 
standing of the relationship of water 
quality and diseases of fish. 
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MFR PAPER 1351 


A Review of Histopathological 
Effects of Selected Contaminants 
on Some Marine Organisms 


GEORGE R. GARDNER 


Histological assessment of the ef- 
fects of environmental pollutants on 
marine organisms includes considera- 
tion of trends which develop that may 
link a closely related group of com- 
pounds to a representative tissue or 
organ response. Definition of such a 
relationship could benefit adjudication 
of water pollution controversies and, 
thus, the enforcement of public water 
pollution laws. 

Evidence based on numerous his- 
tological evaluations suggests two fre- 
quent responses to toxic materials 
which may represent trends: |) petrole- 
um hydrocarbon exposures often cause 
anomalies which involve or are closely 
associated with the vascular system of 
many organisms, and 2) that some 
neurosensory organs in finfishes are ex- 
tremely sensitive to an array of toxic 
materials. Although the nature of le- 
sions usually differs with the type of 
toxic substance encountered, olfactory 
organs appear to be particularly sensi- 
tive. In addition, neurosensory tissue 
sensitivity in at least two species of 
finfish has been affected by adverse 
water quality. 


VASCULAR RESPONSES 


Petroleum hydrocarbon studies have 
indicated that the primary response of 
selected vertebrates and invertebrates 
often involves some element of the vas- 
cular system. Specifically, Atlantic sil- 
versides, Menidia menidia, responded 
to waste motor oil with changes in cel- 
lular integrity of atrial valves and other 
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vascular anomalies (Gardner et al., 
1975). Waste motor oil and crude oil 
have induced extensive alterations in 
the pseudobranch, a highly vascular or- 
gan, in some marine fishes (Gardner, 
1975; Gardner et al., 1975). Crude oil, 
in addition, induced necrosis of ven- 
tricular myocardium in Atlantic silver- 
sides (Gardner, 1975). Both water sol- 
uble and insoluble fractions of crude oil 
also induced various lesions in Atlantic 
silversides. Dilation and congestion of 
submucosal vasculature in olfactory 
organs occur with exposure to the water 
insoluble fraction (Gardner, 1975). 

Effects of waste motor oil and of #2 
fuel oil on oysters, Crassostrea vir- 
ginica, and scallops, Aequipecten irri- 
dians, at the cellular level indicate that 
these petroleum products may com- 
monly induce lesions in the heart and 
promote amebocytic inclusions of af- 
ferent vessels (Gardner et al., 1975). 

Lesions induced by petroleum 
hydrocarbons in tissues other than those 
of the circulatory system include ne- 
crosis of oyster mantle; cellular altera- 
tion associated with the food groove of 
the scallop (Gardner et al., 1975); and 
deterioration of epidermal cells of lob- 
ster, Homarus americanus, carapace. 
Concentrations of | ppm #2 fuel oil 
also impair chemoreception in lobsters, 
although lesions could not be linked to 
abnormal behavior (Gardner, un- 
publ. observations). 

In addition to the preceding his- 
topathological effects of petroleum ex- 
posure, long-term studies have been ini- 
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tiated in an attempt to induce neoplasia 
in the soft-shell clam, Mya arenaria. 
The purpose of these studies is to pro- 
vide insight into the etiology of gonadal 
tumors found in clams collected from 
various locations in the State of Maine. 
Circumstantial evidence links tumors 
found in clams in Maine to accidental 
spillage of jet and #2 fuel oil. 


NEUROSENSORY RESPONSES 


Neurosensory organs have demon- 
strated a sensitivity to petroleum hy- 
drocarbons, some heavy metals, pulp 
mill waste, and possibly pesticides 
(Eisler and Gardner, 1973; Gardner, 
1975; Gardner and LaRoche, 1973; 
Gardner et al., 1975; U.S. Environ- 
mental Protection Agency, 1972). 

Whole crude oil and water soluble 
and insoluble fractions of crude oil each 
elicit different cellular responses in ol- 
factory organs of Atlantic silversides. 
Water soluble components elicit epithe- 
lial metaplasia. Water insoluble com- 
ponents induce dilation and congestion 
of submucosal vasculature. Whole 
crude oil induces a marked hyperplastic 
response (Gardner, 1975). 

Some heavy metals induce lesions in 
olfactory organs and other organs as- 
sociated with the lateral line of fishes. 
Copper, mercury, and silver are known 
to induce such lesions in some species 
(Gardner, 1975; Gardner and LaRoche, 
1973). Generally, lesions induced in 
sensory organs are characteristic of the 
metal and are distinguishable from each 
other. Other metals, of which cadmium 
is one, are not known to elicit lesions in 
sensory organs (Gardner and Yevich, 
1970). However, cadmium and low 
levels of copper together elicit a syner- 
gistic effect which promotes a renal 
lesion characteristic of cadmium expo- 
sures, as well as lesions in sensory or- 
gans that are characteristic of copper 
toxicity (Eisler and Gardner, 1973). 

Neurosensory responses of finfishes 
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similar to those caused by petroleum 
and heavy metal exposure have also 
been observed in the mummichog, 
Fundulus heteroclitus, following expo- 
sure to the pesticide methoxychlor, and 
in Atlantic salmon, Salmo salar, ex- 
posed to a pulp mill waste (Gardner, 
1975; U.S. Environmental Protection 
Agency, 1972). 

Atlantic salmon olfactory senses 
were impaired by severe cellular dam- 
age following exposure to a range of 
pulp mill waste concentrations in ex- 
perimental bioassays. Concurrent with 
laboratory bioassays, Atlantic salmon 
were exposed in situ to pulp mill waste. 
Results of in situ studies at locations 
from the point of discharge to 8 miles 
downstream from the point source 
proved similar to laboratory results. 

Menhaden examined from three New 
England coastal areas had lesions as- 
sociated with internal ear, lateral line, 
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and olfactory organs. Though etiology 
of these lesions remains unknown, all 
three collection points were found to 
have high levels of copper in the water 
column (Gardner, unpubl. observa- 
tions; Gardner et al., 1975). Compara- 
bility of laboratory and field study 
results with Atlantic salmon and field 
observations of menhaden, Brevoortia 
tyrannus, gives credence to histological 
findings with other species. 


LITERATURE CITED 


Eisler, R. and G. R. Gardner. 1973. Acute toxi- 
cology to an estuarine teleost of mixtures of 
cadmium, copper and zinc salts. J. Fish Biol. 
5:131-142. 


Gardner, G. R. 1975. Chemically induced lesions 
in estuarine or marine teleosts. /n E. Ribelin 
and G. Migaki (editors), The pathology of 
fishes, p. 657-693. Univ. Wisconsin Press, 
Madison. 

, and G. LaRoche. 1973. Copper in- 

duced lesions in estuarine teleosts. J. Fish. 

Res. Board Can. 30:363-368. 

, and P. P. Yevich. 1970. Histologi- 
cal and hematological responses of an estuarine 
teleost to cadmium. J. Fish. Res. Board Can. 
27:2185-2196. 


‘ and P. F. Rogerson. 
1975. Morphological anomalies in adult oys- 
ters, scallops, and Atlantic silversides exposed 
to waste motor oil. Proc. Conf. Prev. Control 
Oil Pollut., March 25-27, 1975, San Franc. 

U.S. Environmental Protection Agency. 1972. A 
study of water quality and benthic conditions in 
the St. Croix River Grand Falls to Milltown, 
ME and New Brunswick. Region I, Boston, 
Mass. 





MFR Paper 1351. From Marine Fisheries Review, Vol. 40, No. 10, October 
1978. Copies of this paper, in limited numbers, are available from D822, User 
Services Branch, Environmental Science Information Center, NOAA, Rockville, 
MD 20852. Copies of Marine Fisheries Review are available from the Superin- 
tendent of Documents, U.S. Government Printing Office, Washington, DC 


20402 for $1.10 each. 


Inhibition of Proteolysis in Pacific Hake Fillets 


To date, U.S. processors have used 
the Atlantic whiting, Merluccius 
bilinearis, and species of hake im- 
ported from South America and South 
Africa, for much of the production of 
fish sticks and portions. As a result of 
the Fishery Conservation and Man- 
agement Act of 1976, U.S. fishermen 
and processors have shown an interest 
in using the Pacific hake, Merluccius 
productus, for domestic markets and 
possibly for export. 

The Utilization Research Division of 
the Northwest and Alaska Fisheries 
Center (NWAFC), NMFS, NOAA, 
Seattle, Wash., has been examining the 
quality characteristics of the Pacific 
hake to solve any technological prob- 
lems that might present themselves as 
barriers to the full utilization of this 


The authors are with the Utilization- 
Research Division, Northwest and 
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NOAA, 2725 Montlake Blvd. E., 
Seattle, WA 98112. 
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resource by U.S. industry. On occa- 
sion, the Pacific hake develops an un- 
desirably soft texture of the flesh that 
must be overcome before the resource 
meets all the quality requirements of the 
U.S. consumer. When a change in 
Pacific hake texture occurs, it is due to 
the presence of an enzyme (a protease) 
that is capable of breaking the chemical 
bonds of the muscle fibers that give any 
flesh food its characteristic texture. 
When the protease is present, it is capa- 
ble of breaking bonds at nearly any 
temperature above freezing, but it does 
this most rapidly at temperatures just a 
bit lower than those that destroy the 
enzyme itself. During such conven- 
tional cooking processes as baking, 
broiling, and pan-frying, temperatures 
are reached that enhance the action of 
the protease and continue for a time 
before reaching the level that will de- 
stroy the protease. Several methods of 
preventing this textural change have 
been tried (i.e., very rapid cooking, 
sonication, and the use of chemicals to 


inactivate the enzyme, all of which 
have the potential for inactivating the 
enzyme before it damages the muscle. 
Recent laboratory tests by Ruth Miller, 
research chemist, in the Utilization Re- 
search Division, have demonstrated 
that two common oxidizing agents, 
hydrogen peroxide and potassium bro- 
mate, are effective in inactivating the 
enzyme. Even when used in concentra- 
tions of less than 0.5 percent, either of 
these additives achieves nearly com- 
plete inhibition of the enzymes. Hydro- 
gen peroxide appears to be the reagent 
of choice because it is rapidly decom- 
posed into water and oxygen, leaving 
no undesirable residue. The effective- 
ness of hydrogen peroxide can be 
enhanced by the simple expedient of 
changing the pH of the fillet. These 
parameters and rapid application tech- 
niques are being developed at the 
NWAEFC. 


John Spinelli 
Maynard A. Steinberg 
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